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BROMINATION OP 1 ,  2-CYCLONONADIENE AND 1 3 3 - DIMETHYLALLENE 
ABSTRACT OP DISSERTATION
1 ,2 -C y c lo n o n a d ie n e  and  1 ,3 - d i m e t h y l a l l e n e  w ere  
b ro m in a te d  u s i n g  m o le c u la r  b ro m in e  and  N -b ro m o s u c c in i-  
m id e  i n  c a rb o n  t e t r a c h l o r i d e  an d  v a r i o u s  r e a c t i v e  p o l a r  
s o l v e n t s .
B ro m in a t io n  o f  1 ,2 - c y c lo n o n a d ie n e  u s i n g  m o le ­
c u l a r  b ro m in e  i n  c a rb o n  t e t r a c h l o r i d e  y i e l d e d  c i s - 2 , 3 -  
d ib ro m o c y c lo n o n e n e  and c i s - 1 3 4 - d ib ro m o c y c lo n o n e n e  i n  
t h e  r a t i o  o f  4 o :6 o .  B ro m in a t io n  o f  1 ,2 - c y c lo n o n a d ie n e  
u s in g  NBS a n d  m o le c u la r  b ro m in e  i n  m e th a n o l y i e l d e d  c i s - 
2 -b ro m o -3 -m e th o x y c y c lo n o n e n e  and  c i s - l -b ro m o -4 -m e th o x y -  
c y c lo n o n e n e  i n  t h e  r a t i o  o f  4 0 :6 0 .  S i m i l a r l y ,  t h e  brom ­
i n a t i o n  o f  1 ,2 - c y c lo n o n a d ie n e  i n  a q u e o u s  a c e to n e  and 
g l a c i a l  a c e t i c  a c id  y i e l d e d  t h e  c o r r e s p o n d in g  c i s - 2 ,3  
and  c i s - 1 , 4  s u b s t i t u t e d  i s o m e r s .  The s t r u c t u r e  d e t e r ­
m in a t io n  w as made u s in g  s p e c t r a l  and  c h e m ic a l  m e th o d s . 
S o l v o l y s i s  o f  t h e  d ib rom o a d d u c ts  t o  y i e l d  t h e  c o r r e s ­
p o n d in g  o x y - p r o d u c ts  was u s e d  b o th  f o r  s t r u c t u r a l  p r o o f  
and  s y n t h e t i c  p u r p o s e s .  The brom om ethoxy  is o m e r s  w ere  
r e d u c e d  by  l i t h i u m  m e ta l  t o  p r o v id e  f u r t h e r  s t r u c t u r a l  
i n f o r m a t i o n .
The b ro m in a t io n  o f  1 , 3 - d i m e th y l a l l e n e  i n  c a rb o n  
t e t r a c h l o r i d e  y i e l d e d  a lm o s t  e x c l u s i v e l y  t r a n s -3 * 4 -d ib ro m o -
2 - p e n te n e  (9 7 % and  a b o u t 3# o f  t h e  c i s  i s o m e r ) .  The brom -
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i n a t i o n  o f  1 ,3 - d i m e th y l a l l e n e  i n  m e th a n o l  p ro d u c e d  
t r a n s  and  c i s -3 -b ro m o -4 -m e th o x y -2 -p e n te n e  i n  th e  r a t i o  
o f  9 0 :1 0 .  M u tu a l s t r u c t u r a l  v e r i f i c a t i o n  was p ro v id e d  
b y  t h e  m e th a n o ly s i s  o f  th e  d ib ro m o p e n te n e  p r o d u c ts  t o  
y i e l d  t h e  c o r r e s p o n d in g  brom om ethoxy  p r o d u c t s .
The p o s s i b l e  m echan ism s f o r  t h e  b ro m in a t io n s  
o f  t h e  a l l e n e s  h av e  been  a n a ly z e d .  The m o st f a v o r a b le  
t r a n s  a d d i t i o n  t r a n s i t i o n  s t a t e  f o r  1 ,3 - d i m e th y l a l l e n e  
p r e d i c t s  p r e f e r e n t i a l  f o rm a t io n  o f  t r a n s - S j^ - i s o m e r s .
T h is  i s  i n  a c c o rd  w ith  t h e  e x p e r im e n ta l  r e s u l t s .  I n  
c o n t r a s t ,  m o d e ls  show t h a t  one s i d e  o f  e a c h  o f  t h e  TT-bonds 
i s  s t e r i c a l l y  p r o t e c t e d  b y  th e  m e th y le n e  b r id g e  i n  1 ,2 -  
c y c lo n o n a d ie n e .  T ak in g  t h i s  i n t o  a c c o u n t  an a n a l y s i s  o f  
p o s s i b l e  t r a n s i t i o n  s t a t e s  l e a d s  t o  t h e  t e n t a t i v e  con­
c l u s i o n ,  s u b s t a n t i a t e d  b y  th e  e x p e r im e n ta l  r e s u l t s ,  
t h a t  t h e  c i s - c o n f i g u r a t i o n  s h o u ld  b e  p r e f e r e n t i a l l y  
p r o d u c e d .  The r e a r r a n g e d  p r o d u c t  i s  p ro d u c e d  a s  a  
r e s u l t  o f  a  1 ,5 - h y d r id e  s h i f t .
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CHAPTER I  
INTRODUCTION
E l e c t r o p h i l i c  a d d i t i o n s  t o  a l l e n e s  h av e  b e e n  
s t u d i e d  r a t h e r  e x t e n s i v e l y ,  a l th o u g h  b y  no  m eans com­
p l e t e l y ,  d u r in g  t h e  l a s t  d e c a d e . S e v e r a l  com prehen­
s i v e  r e v ie w s ^ ^ , 1 ^ , ^ ^ , ^ >^ ^  h a v e  b e e n  w r i t t e n  on th e  
s u b j e c t .
Much in f o r m a t io n  h a s  b e e n  o b ta in e d  on t h e  o r i e n ­
t a t i o n  o f  u n s y m m e tr ic a l  r e a g e n t s  a b o u t  s u b s t i t u t e d
a l l e n e s .  A lth o u g h  h y d ro g e n  h a l i d e  a d d i t i o n  t o  1 ,2 -
20 "31p r o p a d ie n e  y i e l d s  2 - h a lo p r o p e n e s ,  9J i t  h a s  b e e n  
am ply  d e m o n s t r a te d ,  a t  l e a s t  i n  t h e  c a s e  o f  h a lo g e n a t io n  
and o x y m e rc u ra t io n  o f  th e  1 , 3 - a l k y l  s u b s t i t u t e d  a l l e n e s ,  
t h a t  t h e  a t t a c k i n g  e l e c t r o p h i l e  e n d s  up  i n  th e  p r o d u c t  
a t t a c h e d  t o  t h e  c e n t r a l  c a rb o n  o f  t h e  o r i g i n a l  a l l e n i c  
s y s te m .2 0 *2 2 , 3l 53^ * 3 8 j 39>^-0 u s i n g  o p t i c a l l y  a c t i v e  1 , 3 -
d im e th y la l l e n e  (1 5 )  i t  h a s  b e en  show n t h a t  th e  b ro m in a -
2 2  "3Qt i o n  an d  o x y m e rc u ra t io n  o f  15  i s  s t e r e o s p e c i f i c .
K now ledge o f  t h e  a b s o lu te  c o n f i g u r a t i o n s  o f  th e  o p t i c a l l y  
a c t i v e  a d d i t i o n  p r o d u c ts  h a v e  m ade i t  p o s s i b l e  t o  p r o p o s e  
a  p l a u s i b l e  m echan ism  f o r  t h e  r e a c t i o n s  ( e q  1 ) .
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T he s u g g e s te d  m ech an ism  in v o lv e s  t h e  f o r m a t io n  
o f  a  d i s s y m m e t r i c a l l y  < r - b r id g e d  h a lo n iu m  o r  m e r c u r in -  
ium  i o n ,  w i th  s u b s e q u e n t a t t a c k  o f  th e  in co m in g  n u c le o ­
p h i l e  t r a n s  t o  th e  b r id g e  t o  fo rm  th e  3>4—s u b s t i t u t e d -
2 - p e n te n e  p r o d u c t s .  R e c e n t l y ,  c o n v in c in g  s p e c t r a l  e v i ­
d e n c e  h a s  b e en  p r e s e n te d  f o r  t h e  p r e s e n c e  o f  b r id g e d  
h a lo n iu m  i o n s  p ro d u c e d  a s  t h e  r e s u l t  o f  t h e  i n i t i a l  
a t t a c k  o f  an  e l e c t r o p h i l i c  h a l i d e  on  th e  a l l e n i c  s y s te m . ' 
W ork done i n  t h i s  l a b o r a t o r y ,  in c lu d e d  i n  t h i s
t h e s i s ,  an d  work done by  C a s e r i o  and  c o w o rk e rs  on o p e n
22c h a in  a l l e n e s ,  h av e  f o r  t h e  f i r s t  t im e  b e e n  c o n ­
c e r n e d  w i th  th e  s t e r e o c h e m ic a l  o r i e n t a t i o n  a b o u t t h e
u n r e a c t e d  d o u b le  bond o f  t h e  a l l e n i c  m o n o ad d u c t. W ede-
4og a e r t n e r  an d  M illam  w ere  t h e  f i r s t  t o  c a l l  a t t e n t i o n
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t o  t h e  Im p o r ta n c e  o f  su c h  a  s tu d y .  We h av e  fo u n d , 
a s  c o n f i rm e d  b y  C a s e r io  and c o w o rk e rs ,  t h a t  t h e  a d d i ­
t i o n  o f  b ro m in e , f o r  e x a m p le , t o  15  i n  m e th a n o l ,  p r o ­
d u c e d  t r a n s -3 - b r o m o - 4 - m e th o x y - 2 - p e n te n e ( 1 7 l  p re d o m in ­
a n t l y  ( 8 3 - 98# ,  th e  c i s  iso m e r  made up  th e  m in o r  p r o d u c t ) .
E th o x y m e rc u ra t io n  o f  1 ,2 - c y c lo n o n a d ie n e (1 )  w i th  
m e r c u r ic  c h l o r i d e  i n  e th a n o l  a s  r e p o r t e d  b y  G a rd n e r  and
- ill
c o w o rk e r s J  ,  g ave  c i s - 2 - c h lo r o m e r c u r y - 3 - e th o x y c y c lo n o n e n e .  
M ore r e c e n t l y  o p t i c a l l y  a c t i v e  ^  h a s  b e e n  o x y m e rc u ra te d  
t o  g i v e  o p t i c a l l y  a c t i v e  c i s  a d d u c t s . 1 A d d i t io n  o f
2 , 4 - d i n i t r o b e n z e n e s u l p h e n y l  c h l o r i d e  a l s o  g av e  a c i s
21a d d u c t .  H ow ever, t h e  a d d i t i o n  o f  b ro m in e  t o  1 i n
c a rb o n  t e t r a c h l o r i d e ,  a s  i n v e s t i g a t e d  b y  W e d e g a e r tn e r
4oand  M il la m , gave tw o is o m e r ic  p r o d u c t s ,  w hose e le m e n ta l  
a n a l y s i s  w as c o n s i s t e n t  w i th  a  d ib ro m o c y c lo n o n e n e . T hey  
c h a r a c t e r i z e d  them  a s  a  6 0 :4 0  m ix tu r e  o f  t r a n s  and  c i s -
2 ,3 -d ib ro m o c y c lo n o n e n e , r e s p e c t i v e l y .  A lth o u g h  t h e  
s t r u c t u r e  a s s ig n m e n t o f  one o f  t h e  is o m e rs  h a s  b e e n  shown 
t o  b e  i n c o r r e c t ,  t h e  c o n c lu s io n  was s i g n i f i c a n t  i n  t h a t  
i t  f o c u s e d  a t t e n t i o n  on  th e  s t e r e o c h e m ic a l  o r i e n t a t i o n  
a b o u t  t h e  re m a in in g  d o u b le  bond  o f  t h e  m o n o ad d u c t. The 
i n i t i a l  p u r p o s e  o f  t h i s  r e s e a r c h  w as t o  e x p lo r e  t h e  
m e c h a n i s t i c  i m p l i c a t i o n s  o f  t h e  o b s e r v a t io n s  m ade b y  
W e d e g a e r tn e r  and  M illa m .
l ,2 - C y c lo n o n a d ie n e ( l )  was b ro m in a te d  i n  m e th a n o l  
an d  a  4 0 :6 0  m ix tu re  o f  two p r o d u c t s  c o r r e s p o n d in g  t o
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I s o m e r ic  b ro m o m e th o x y c y c lo n o n e n es  was o b t a i n e d .  P r e ­
l im in a r y *  c h e m ic a l  and  s p e c t r a l  e v id e n c e  i n d i c a t e d  t h a t  
t h e  i s o m e r ic  m ix tu r e  d e f i n i t e l y  d id  n o t  c o n s i s t  o f  c i s -  
t r a n s  g e o m e t r i c a l  i s o m e r s .  T he p r im a r y  o b j e c t i v e  o f  t h e  
r e s e a r c h  t h e n  becam e t h e  i d e n t i f i c a t i o n  o f  t h e  I s o m e r ic  
b r o m in a t io n  p r o d u c t s  o f  l* 2 - c y c lo n o n a d ie n e  (1 )  i n  v a r io u s  
r e a c t i v e  s o l v e n t s .  The r e s u l t s  a r e  d i s c u s s e d  w i th  r e f ­
e r e n c e  t o  t h e  i n t e r m e d i a t e s  t h a t  may b e  in v o lv e d  i n  
t h e s e  r e a c t i o n s .
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CHAPTER I I  
RESULTS
A. BROMINATION OP 1,2-CYCLONONADIENE (1 )
IN METHANOL
c is -2 -B ro m o -3 -m e th o x y c y c lo n o n e n e (2 )  and  c i s - 1 -  
b ro m o -4 -m e th o x y c y c lo n o n e n e (3 )« The b r o m in a t io n  o f  1 i n  
a n h y d ro u s  m e th a n o l  was a c c o m p lis h e d  by  th e  g r a d u a l  a d d i ­
t i o n  o f  N -b ro m o su c c in im id e  (NBS)* t o  a s t i r r e d  s o l u t i o n  
o f  1 i n  m e th a n o l  a t  0 ° .  T he r e a c t i o n  w as e x o th e rm ic .
The p r o d u c t  w as e x t r a c t e d  fro m  an aq u eo u s s o l u t i o n  o f  th e  
r e a c t i o n  m ix tu r e  and  was c o n c e n t r a t e d  b e f o r e  a n a l y s i s  by  
v a p o r  p h a s e  c h ro m a to g ra p h y  ( v p c ) .  T h re e  g ro u p s  o f  p e a k s  
w ere  o b s e rv e d  (V P C -2 ).
T he se c o n d  o f  t h e  t h r e e  g ro u p s  c o n s i s t e d  o f  tw o
p e a k s  i n  t h e  r a t i o  4 0 : 6o an d  a c c o u n te d  f o r  70# o f  t h e
t o t a l  p r o d u c t .  The tw o p e a k s  w ere  r e a d i l y  s e p a r a b l e
b y  v p c , u n l i k e  t h e  d i f f i c u l t y  e n c o u n te re d  d u r in g  th e
s e p a r a t i o n  o f  d ib ro m o c y c lo n o n e n e s  o b ta in e d  b y  t h e  brom -
4oi n a t i o n  o f  1 i n  c a rb o n  t e t r a c h l o r i d e .  The f i r s t  o f  
t h e  tw o p e a k s  was i d e n t i f i e d  a s  c i s - 2 -b ro m o - 3 -m e th o x y -
*NBS when u s e d  w i th  p o l a r  s o l v e n t s  g iv e s  r e s u l t s  
s i m i l a r  t o  t h o s e  o b ta in e d  when m o le c u la r  b ro m in e  i s  u s e d .  
T h is  i s  n o t  s u r p r i s i n g  a s  t h e  b r o m in a t in g  a g e n t  when NBS 
i s  u s e d  i s .  in d e e d ,  m o le c u la r  b ro m in e  i n  s m a l l  c o n c e n ­
t r a t i o n s .  u s e  o f  NBS i s  much m ore c o n v e n ie n t  th a n  m o le ­
c u l a r  b ro m in e , due t o  i t s  e a s e  o f  h a n d l in g .  T h e re  h a s  
b e e n  no  e v id e n c e  o f  NBS p r o d u c in g  any  s i d e  r e a c t i o n s .
E ven when i t  was u s e d  w i th  w a t e r - a c e t o n e ,  n o  e v id e n c e  o f  
o x i d a t i o n  o f  t h e  b ro m o h y d rin  t o  t h e  c o r r e s p o n d in g  b rom o- 
k e to n e l4  Wa s  o b s e rv e d  u n d e r  t h e  c o n d i t i o n s  l i k e  t h o s e  
d e s c r ib e d  i n  t h e  e x p e r im e n ta l  s e c t i o n .
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6c y c lo n o n e n e ( 2 ) .  E le m e n ta l  a n a l y s i s  was c o n s i s t e n t  w i th  
t h e  e m p i r i c a l  fo rm u la  C1QH17B rO , The s p e c t r a l  d a ta *  
w as c o n s i s t e n t  w i th  t h e  p ro p o s e d  s t r u c t u r e :  nm r (NMR-4)
r 3 .6 9  ( t , l , J  = 8 .5 H z , -C H = C B r-), 5 .5 8  (m ,l,-C H -0 C H 3 ) , 
6 .7 2  ( s , 3 ,  C-OCH3 ) ,  7 . 5 - 8 . 0  (m ,2 , -CH2-C = C ), 8 .O -9 .O 
(m ,1 0 , - (C H g )^ - )  (T he i n t e r p r e t a t i o n  o f  t h e  nm r sp e c tru m  
i s  c o m p le te ly  a n a lo g o u s  t o  t h e  i n t e r p r e t a t i o n  o f  th e  nmr 
s p e c tru m  o f  c i s -2 ,3 -d ib ro m o c y c lo n o n e n e  a s  r e p o r t e d  by  
W e d e g a e r tn e r  and  M i l l a m . ^ ) ;  m ass s p e c tru m  (M S-1) m /e 
( r e l  i n t e n s i t y )  2 3 4 (3 5 ) 2 3 2 (3 8 )  (P , C1()H17BrO+ ) ,  2 0 2 (6 ) 
2 0 0 (5 )  (C9H13B r+ , P -  CH^O),  1 6 4 (5 1 ) 1 6 2 (5 1 )  ( C ^ ^ r O * ,
P -  C5H1 q ) ,  1 5 3 (5 6 ) (C10H1 7 0+ , P -  B r ) ,  1 2 1 (8 7 )  (C^H13+ ,
P -  CH^jBrO), 9 6 (7 4 )  (C7H12+ ,  P -  C ^ B r O ) ,  7 1 (1 0 0 )  (b a s e  
p e a k ) .  T he u l t r a - v i o l e t  (u v )  a b s o r p t io n  a t  A max 208 mji 
( e  7000) a r i s e s  from  t h e  v i n y l  b ro m id e  s y s te m  -HC=CBr-. 
T h is  c o n c lu s io n  was r e a c h e d  a f t e r  d i s c o v e r i n g  t h a t  com­
p o u n d s w i th  known s t r u c t u r e s  w hose o n ly  common s t r u c t u r a l  
f e a t u r e s  w as t h a t  t h e y  w ere  c y c l i c ,  and  h a d  t h e  v i n y l  
b ro m id e  s y s te m  a l s o  d i s p l a y e d  maximum a b s o r p t i o n  v e ry
c l o s e  t o  A  max 2 08 . Two s u c h  com pounds, c i s - 2 , 3 -d ib ro m o -
40 7c y c lo n o n e n e  and  2 - b ro m o -3 - h y d r o x y c y c lo o c te n e ' d i s p la y e d
a b s o r p t i o n  a t  /  max 210 an d  208  mu r e s p e c t i v e l y  (6  ~  7000
f o r  b o t h ) .
T he se c o n d  p e a k  o f  t h e  se co n d  g ro u p  o f  p r o d u c ts
*The fo rm  and a b b r e v i a t i o n s  u s e d  i n  p r e s e n t i n g  
t h e  s p e c t r a l  d a t a  w ere  t h o s e  recom m ended f o r  a u th o r s  
b y  th e  e d i t o r s  o f  th e  J o u r n a l  o f  O rg a n ic  C h e m is t r y .29
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7was i d e n t i f i e d  a s  c i s - l -b ro m o -4 -m e th o x y c y c lo n o n e n e  (3 .) .
The e l e m e n t a l  a n a ly s e s  and  m ass  s p e c t r o s c o p y  e s t a b l i s h e d
3 t o  b e  a n  is o m e r  o f  2 . A t te m p ts  w ere  made t o  i s o m e r iz e
e i t h e r  i s o m e r  t o  t h e  o t h e r .  D i l u t e  s o l u t i o n s  o f  e a c h
com pound a n d  i o d in e  c r y s t a l s  d i s s o l v e d  in  d r y  p e n ta n e
w e re  i r r a d i a t e d  w i th  a 6o w a t t  i n c a n d e s c e n t  l i g h t  b u lb
fro m  o n e  h o u r  t o  s e v e r a l  d a y s .  Vpc a n a ly s e s  a t  v a r i o u s
t im e s  show ed  no  e v id e n c e  o f  i s o m e r i z a t i o n .  The e x p e r im e n t
was b a s e d  u p o n  a  s u c c e s s f u l  i s o m e r i z a t i o n  r e a c t i o n  d i s -
•aoc u s s e d  b y  N oyes and  c o w o rk e rs . L ack  o f  i s o m e r i z a t i o n  
c o u p le d  w i t h  t h e  f a c t  t h a t  t h e  m ass sp e c tru m  o f  3 (M S-2) 
was m a rk e d ly  d i f f e r e n t  fro m  t h e  m ass sp e c tru m  o f  2 (M S -1 ) , 
c a s t  s e r i o u s  d o u b t a s  t o  t h e  p o s s i b i l i t y  t h a t  t h e  is o m e r  
i n  q u e s t i o n  w as t r a n s - 2 .  I t  i s  g e n e r a l l y  a c c e p te d  t h a t  
g e o m e t r i c a l l y  i s o m e r ic  a lk e n e s  p ro d u c e  i d e n t i c a l  m ass 
s p e c t r a .
T he l a c k  o f  r e a c t i o n  o f  3^  (a n d  2) w i th  d i l u t e  
and  c o n c e n t r a t e d  h y d r o c h lo r i c  a c i d  o r  c o ld  a l c o h o l i c  
s i l v e r  n i t r a t e  e l im in a te d  t h e  p o s s i b i l i t y  t h a t  th e  s t r u c ­
t u r e  o f  _3 m ig h t  b e  2 -m e th o x y -3 -b ro m o c y c lo n o n e n e . I f  _3 
w e re  o f  t h e  a b o v e  s t r u c t u r e ,  h y d r o c h l o r i c  a c i d  s h o u ld  h a v e  
e a s i l y  h y d r o ly z e d  th e  e n o l  e t h e r ,  and  s i l v e r  io n s  s h o u ld
h a v e  r e a c t e d  w i th  th e  a l l y l i c  b ro m id e  io n s .
T he  s p e c t r a l  d a ta  a v a i l a b l e  was i n  good  c o n f o r m i ty  
w i t h  t h e  p r o p o s e d  s t r u c t u r e  f o r  3» The uv  a b s o r p t io n  o f
3 a t  A  m ax 208  mp ( e  7000) i n d i c a t e d  th e  p r e s e n c e  o f  t h e
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9v i n y l  b ro m id e  sy s te m  a s  i n  2 .  The n u c l e a r  m a g n e tic  
r e s o n a n c e  (nm r) o f  3 (NMR-5) was c o n s i s t e n t  w i th  i t s  
p ro p o s e d  s t r u c t u r e ,  a l th o u g h  n o t  u n a m b ig u o u s ly  s o  w i t h ­
o u t  u s i n g  d o u b le  i r r a d i a t i o n .  The t r i p l e t  a t  <  4 .0 8  
r e p r e s e n t s  t h e  v i n y l  p r o t o n  on  C -2  (-CBr=CH -) s p l i t  b y  
t h e  tw o m e th y le n e  p r o to n s  on  C -3 ( J  -  9*0 H z ) . The 
m e th in e  p r o to n  (-CH-OCH^) on  C -4  a b s o r b s  a t  T' 6 .7 7 .  
I n t e r e s t i n g l y  e n o u g h , i t s  c h e m ic a l  s h i f t  c o in c id e s  w i th  
t h a t  o f  t h e  m e th o x y  p r o to n s  (C-OCH^)* a b s o r b in g ,  a l s o ,  
a t  ■’T' 6 .7 7  a s  a  s i n g l e t .  The c h e m ic a l  s h i f t  o f  t h e  C -4  
m e th in e  p r o to n  a s  com pared  w i th  t h e  m e th y l  p r o to n s  o f  t h e
Oiia
m eth o x y  g ro u p  i s  h i g h e r  f i e l d  th a n  e x p e c t e d . J  The m u l-
t i p l e t  c e n t e r e d  a t  < 7 . 4  i s  due  t o  t h e  m e th y le n e  p r o to n s  
(=CBr-CH2- )  on  C -9 . The o t h e r  a l l y l i c  m e th y le n e  p r o to n s  
on C -3  (-CHOCH^-CHg-C^C) a p p e a r  a s  a  d o u b ly  s p l i t  doub ­
l e t ,  a t  < 7 . 6 8  s p l i t  b y  t h e  m e th in e  p r o to n  on C -4 ( J  = 6 .0  
Hz) and  th e  v i n y l  p r o to n  on  C -2  ( J  = 9 .0  H z ) . A l l  am bi­
g u i t y  i n  t h e  i n t e r p r e t a t i o n  o f  t h e  nmr was rem oved  when 
s p i n - s p i n  d e c o u p l in g  was u s e d .  I r r a d i a t i o n  a t  < 7 . 6 8 ,  
th e  a l l y l i c  r e g io n  w h ere  t h e  m e th y le n e  p r o to n s  on  C -3  
a b s o r b ,  c a u s e d  th e  t r i p l e t  a t  <  4 .0 8 ,  t h e  v i n y l  p r o to n  
a t  C -2 , t o  c o l l a p s e  t o  a  s i n g l e t .  I n  t u r n ,  i r r a d i a t i o n  
a t  < 4 . 0 8  c o l l a p s e d  t h e  d o u b le  d o u b le t  a t  <  7 .6 8  to  a  
d o u b l e t .  I r r a d i a t i o n  o f  t h e  m e th in e  p r o to n  r e g io n  a t  
<  6 .7 7  a l s o  c o l l a p s e d  th e  a l l y l i c  p r o to n s  a t  < 7 . 6 8  
t o  a  d o u b l e t .  The m ass sp e c tru m  (M S-2) o f  ^  w as s i g -
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
10
n i f i c a n t l y  d i f f e r e n t  from  t h a t  o f  2 : m / e ( r e l  i n t e n s i t y )
2 3 4 (2 )  2 3 2 (2 )  (P ,C 10H17B rO ),  1 5 3 (9 6 )  (C10H170+ , P -  B r ) , 
1 2 1 (9 8 ) (C9H13+ , P -  CH^BrO), 7 9 ( 4 2 ) ,  7 1 (1 0 0 ) ( b a s e  p e a k ) ,  
6 7 ( 3 8 ) .
B ro m in a t io n  o f  1^  i n  a n h y d ro u s  m e th a n o l u s in g  
m o le c u la r  b ro m in e  a l s o  p ro d u c e d  2 and  _3 i n  r o u g h ly  th e  
same r a t i o ,  t o g e t h e r  w i th  th e  o t h e r  tw o s e t s  o f  p e a k s  
p ro d u c e d  i n  t h e  b ro m in a t io n  r e a c t i o n  u s in g  NBS.
R e a c t io n s  o f  l i t h i u m  w i th  c is -2 -b ro m o -3 -m e th o x y - 
c y c lo n o n e n e  (2 )  and  c is - l -b ro m o -4 -m e th o x y c y c lo n o n e n e  ( 3 ) « 
F u r t h e r  s u b s t a n t i a t i o n  f o r  t h e  a s s ig n e d  s t r u c t u r e s  f o r  2 
and  3 was p r o v id e d  by  t h e  r e d u c t i o n  o f  2 and £  b y  l i t h i u m  
m e ta l  (Schem e I ) .
R e a c t i o n  o f  2 w i th  l i t h i u m  m e ta l  i n  t e t r a h y d r o f u r a n
i q
g av e  a f t e r  a q u e o u s  w ork -up  t h e  e l i m i n a t i o n  ^ p r o d u c t  1 ,2 -
O
c y c lo n o n a d ie n e  ( l )  and c i s -3 -m e th o x y c y c lo n o n e n e  (7 )  .
The a lk e n y l  l i t h i u m  in te r m e d ia t e  5 was p re s u m a b ly  t h e  
p r e c u r s o r  t o  b o t h .  The nm r o f  1 was c o n s i s t e n t  w i th  
t h e  p ro p o s e d  s t r u c t u r e :  (NMR-7) T 4 . 5 0  (m ,2 ,-H C = C H -),
5 .8 2  ( m , l , -C H  rOCH3 ) ,  6 .7 2  ( s ,3 , ( C - 0 C H 3 ) , 7 . 6 - 8 . 2
(m,2,-CH2 -C=C),  8 .2 - 8 .9  (m ,1 0 , - (C H 2 ) 5- ) .
T he r e a c t i o n  o f  l i t h i u m  w i t h  3 i n  a l l  p r o b a b i l i t y  
p ro d u c e d  t h e  a lk e n y l l i t h i u m  com pound 6 w h ich  upon  h y d ro ­
l y s i s  y i e l d e d  c i s -4 -m e th o x y c y c lo n o n e n e  ( 8 ) .  The nm r was 
i n  a c c o rd  w i t h  t h e  p ro p o se d  s t r u c t u r e  f o r  8 : (wftR-8)
r 4 . 4 5  (m ,2 ,-H C = C H -), 6 .6 9  (m ,4 ,-C H -0C H 3 ) ,  7 - 3 5 - 8 .0 5  
(m ,4,C H 2 -C=C-CH2 ) ,  8 .0 5 - 8 .8 0  (m ,8 ,- (C H 2 ) ^ - ) .  A lth o u g h
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t h e  nm r i s  c o n s i s t e n t  w i th  t h e  s t r u c t u r e  a s s ig n m e n t  f o r  
8 i t  d o e s  n o t  e x c lu d e  t h e  p o s s i b i l i t y  o f  t h e  m eth o x y  
g ro u p  b e in g  l o c a t e d  on  o t h e r  c a rb o n s  i n  t h e  r i n g  b e s i d e s  
C-3 and  C -4 . The o n ly  o t h e r  p o s i t i o n s  a v a i l a b l e  a r e  
C-5 and  C -6 . P l a c in g  th e  m ethoxy  g ro u p  on C -6  w o u ld  make 
th e  m o le c u le  s y m m e tr ic a l  th e r e b y  m ak in g  t h e  v i n y l  p r o to n s  
e q u i v a l e n t .  C -6  c a n  b e  e x c lu d e d  on  t h e  b a s i s  t h a t  t h e r e  
a r e  a t  l e a s t  tw o  s e t s  o f  t r i p l e t s  a t  t h e  v i n y l  r e g io n  
i n s t e a d  o f  a  c l e a n  t r i p l e t .  C -5  c a n n o t  b e  e x c lu d e d  on 
nmr a rg u m e n ts  a lo n e .  N e v e r th e le s s *  t h e  f a c t  t h a t  t h e  L i  
r e d u c t io n  o f  3 d id  n o t  p ro d u c e  1 c o n s id e r e d  a lo n g  w i th  
th e  nmr e v id e n c e  s u g g e s t s  t h a t  th e  m eth o x y  g ro u p  i s  
d e f i n i t e l y  n o t  l o c a t e d  on C -3 .
The l a c k  o f  a b s o r p t io n  a t  965  cm-1  i n  t h e  i n f r a ­
r e d  ( i r )  s p e c t r a  o f  7 and  8 and  t h e  p r e s e n c e  o f  a  medium
a b s o r p t io n  a t  740 and  735 cm” '1'* r e s p e c t i v e l y *  i n d i c a t e s
27t h a t  t h e  c o n f i g u r a t i o n  a b o u t t h e  d o u b le  bond  i s  c i s .
28N o rm an t, i n  h i s  r e v ie w  a r t i c l e  on a lk e n y lm a g -  
n e s iu m  h a l i d e s ,  c i t i n g  s e v e r a l  r e f e r e n c e s  p o i n t s  o u t  
t h a t  i t  h a s  b e e n  p ro v e d  t h a t  b o th  t h e  f o rm a t io n  o f  t h e  
a lk e n y lm a g n e s iu m  h a l i d e  and  i t s  s u b s e q u e n t  r e a c t i o n s  
p r o c e e d  w i th o u t  any  s t e r e o c h e m ic a l  c h a n g e . S i m i l a r  
c o n c lu s io n s  h a d  b e e n  r e a c h e d  f o r  t h e  l i t h i u m  a l k e n y l s . '1'1 
A p p ly in g  t h i s  t o  t h e  l i t h i u m  r e d u c t i o n  o f  2 and  3 w ould  
im p ly  t h a t  t h e  s t e r e o c h e m ic a l  o r i e n t a t i o n  a b o u t  t h e  
d o u b le  b o n d s i n  2 and  3 a r e  a l s o  c i s .
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E l i m in a t io n  and  H i g h - b o i l i n g  p r o d u c ts  o f  th e  
b r o m in a t io n  o f  1 ,2 - c y c lo n o n a d ie n e  ( 1 ) . The f i r s t  g ro u p  
o f  p e a k s  (m a in ly  tw o , 4 a  an d  4 b ,  V PC-2) t h a t  a p p e a r  up o n  
t h e  v pc  a n a l y s i s  o f  t h e  p r o d u c t  m ix tu r e  o f  th e  b ro m in a ­
t i o n  o f  JL i n  m e th a n o l a r e  g e n e r a l l y  s t u d i e d  as a  m ix tu r e .  
T h e se  p e a k s  r e p r e s e n t  is o m e rs  w i th  t h e  e m p i r ic a l  fo rm u la  
T l^e  s t r u c t u r e s  o f  4 a  an d  4 b  a r e  n o t  c o m p le te ly  
d e te r m in e d .  The nmr show ed t h a t  t h e  p r o to n  d i s t r i b u t i o n  
was t h r e e  i n  t h e  v i n y l  r e g io n  and  t e n  p r o to n s  i n  th e  
a l l y l i c  and  m e th y le n e  r e g i o n ,  i n d i c a t i n g  t h a t  4 a  and 4b 
a r e  v i n y l  b ro m o c y c lo n o n a d ie n e s .
B o th  4 a  and  4b  d i s p l a y  u v  a b s o r p t i o n  a t  max 
210 mji ( 6  8 0 0 0 ) i n d i c a t i n g  th e  p r e s e n c e  o f  th e  v i n y l  
brom o s y s te m . W hether o r  n o t  t h e  d i e n e s  a r e  c o n ju g a te d  
i s  s t i l l  i n  q u e s t i o n .  I t  h a s  b e e n  r e p o r t e d  by  B a ir d  and  
R e e s e ^  t h a t  2 - b r o m o - l ,3 - c y c lo n o n a d ie n e  h a s  a  'X max
( s h o u l d e r )  a t  260 mp ( e  8 2 5 ) . ^ U n s u b s t i t u t e d  c i s - t r a n s -
T P1 ,3 - c y c lo n o n a d ie n e  a b s o rb s  a t  X m ax 220  mp ( 6  2500)
an d  c i s - t r a n s - l , 3 - c y c l o d e c a d i e n e ^  a b s o r b s  a t  X max 222 mp
( €  7 2 5 0 ) .  H ow ever, c i s - c i s - l , 3 - c y c l o d e c a d i e n e  show s no
c
maximum a b s o r p t io n  i n  t h e  2 1 5 -2 3 0  mp. r e g i o n .  I n  t h e  t e n  
m em bered d ie n e s  t h e  c i s - c i s  is o m e r  seem s t o  be s u f f i c i e n t l y  
" r i g i d "  t h a t  i t s  two d o u b le  b o n d s a r e  u n a b le  t o  assum e 
a  c o p la n a r  a r r a n g e m e n t.  C o n s e q u e n t ly ,  4 a  and 4b  m ig h t 
v e r y  w e l l  b e  c i s - c i s - 1 ,3 - c y c l o n o n a d i e n e s , d i s p l a y in g  
a b s e n c e  o f  e v id e n c e  f o r  r e s o n a n c e  d u e  t o  c o n ju g a t io n .
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Fram ew ork  m o le c u la r  m o d e ls  ( P r e n t i c e - H a l l )  o f  c i s - c i s -
l - b r o m o - l ,3 - c y c lo n o n a d ie n e  an d  c l s - c l s - 2 - b r o m o - l ,3 -  
c y c lo n o n a d ie n e  c l e a r l y  show  t h a t  r e s o n a n c e  due t o  c o n ­
j u g a t i o n  i s  d i f f i c u l t  i f  n o t  im p o s s ib le .  The s t r u c t u r e  
o f  t h e  compound r e p o r t e d  b y  R e e se - ' w o u ld , t h e n ,  h av e  to  
b e  c i s - t r a n s  o r  t r a n s - c i s - 2 - b r o m o - l ,3 - c y c lo n o n a d ie n e .
The h ig h  b o i l i n g  p r o d u c t s  o b se rv e d  i n  v a r y in g  
r a t i o s  w ere  n o t  i d e n t i f i e d .  Vpc r e t e n t i o n  t im e s  o f  
a u t h e n t i c  sam p les o f  2 ,3 -d ib ro m o c y c lo n o n e n e  (9 )  and
1 ,4 -d ib ro m o c y c lo n o n e n e  (1 0 )  c r u d e l y  o v e r la p p e d  t h i s  
unknow n s e t  o f  p r o d u c t s .  H o w ev er, th e  p r e s e n c e  o f  a t  
l e a s t  f i v e  w e l l  d e f in e d  p e a k s  i n d i c a t e d  t h a t  t h e r e  a r e  
o t h e r  p r o d u c t s  b e s id e s  9 a n d  10 i f ,  in d e e d ,  tw o o f  th e  
f i v e  p e a k s  a r e  £  ^ d  1 0 .
B. BR0M0 ADDUCTS OF 1,2-CYCLONONADIENE ( l )
c is -2 ,3 -D ib ro m o c y c lo n o n e n e  (9 ) and  c l s - l a4 -d lb ro m o
c y c lo n o n e n e  ( 1 0 ) . The b r o m in a t io n  o f  1 w i th  m o le c u la r
b ro m in e  i n  c a rb o n  t e t r a c h l o r i d e  was c a r r i e d  o u t  e x a c t l y
4oa s  d e s c r i b e d  b y  W e d e g a e r tn e r  and  M illa m . The m a jo r  
p r o d u c t s  h av e  b een  i d e n t i f i e d  a s  c i s - 2 ,3 - d ib r o m o c y c lo n ­
o n e n e  (9 )  and  c i s - l ,4 - d ib r o m o e y e lo n o n e n e  (1 0 ) i n  a  4 :6  
r a t i o  r e s p e c t i v e l y  (Schem e I I ) . The i d e n t i f i c a t i o n  o f
4o2  was o r i g i n a l l y  made b y  W e d e g a e r tn e r  and M illa m .
H o w ev er, i t  was R eese and  S h a w ^  t h a t ,  c o r r e c t l y ,  d e t e r ­
m in ed  t h e  s t r u c t u r e  o f  1 0 .
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The vpc a n a l y s i s  o f  t h e  b ro m in a t io n  p r o d u c t  
p ro d u c e d  e v id e n c e  t h a t  1 4 #  o f  t h e  p ro d u c t  c o r r e s p o n d e d  
t o  4 .
The m e th a n o ly s ls  o f  c l s - 2 ,3 - d ib r o m o c y c lo n o n e n e  
(9 )  a n d  c i s - l ,4 - d ib r o m o c y c lo n o n e n e  ( 1 0 ) . A 4 0 :6 0  m ix tu r e  
o f  9 and  10 d i s s o lv e d  i n  m e th a n o l  was s t i r r e d  f o r  6 d ay s  
a t  room  te m p e r a tu r e .  The v p c  a n a l y s i s  (VPC-6) i n d i c a t e d  
t h a t  a b o u t  60#  o f  t h e  d ib r o m id e s  9 and 10 h ad  r e a c t e d  to  
p ro d u c e  2 and  3 i n  t h e  r a t i o  o f  4 0 :6 0 .
S i l v e r  io n  a s s i s t e d  m e th a n o ly s ls  o f  a  m ix tu r e  o f  
9 a n d  10 i n  th e  same r a t i o  a s  a b o v e , showed e v id e n c e  
o f  c o m p le te  r e a c t i o n .  The v pc  a n a l y s i s  (VPC-5) o f  t h e  
w o rk ed  up  r e a c t i o n  p r o d u c t  a f t e r  10 m in . s t i r r i n g  o f  a  
d i l u t e  m e th a n o l ic  s o l u t i o n  o f  9 and  10 w ith  a  s l i g h t  
e x c e s s  o f  s i l v e r  n i t r a t e ,  show ed t h a t  th e  s t a r t i n g  m a t e r i a l  
h ad  c o m p le te ly  d i s a p p e a r e d  and  2 and  _3 had  b e e n  p ro d u c e d . 
The b ro m o e th e r s  2 and  3 i n  t h e  r a t i o  o f  2 0 :8 0  r e p r e s e n t e d  
50# o f  t h e  t o t a l  p e a k  a r e a .  Ten p e r  c e n t  o f  t h e  p r o d u c ts  
c o r r e s p o n d e d  t o  4 .  The r e m a in in g  40#  a p p e a re d  i n  two 
p e a k s  i n  t h e  r a t i o  o f  7 0 :3 0  a t  v e ry  lo n g  r e t e n t i o n  t im e s  
co m p ared  w i th  th o s e  o f  2 a n d  3* I t  i s  s u g g e s te d  t h a t  
t h e s e  tw o p e a k s  r e p r e s e n t  c i s -2 -b ro m o -3 -h y d ro x y c y c lo n o n e n e
(1 1 ) an d  c i s - l-b ro m o -4 -h y d ro x y c y c lo n o n e n e  (1 2 ) p ro d u c e d  
a s  a  r e s u l t  o f  th e  h y d r o l y s i s  o f  t h e  c o r r e s p o n d in g  n i t r a t e  
e s t e r s .  T h is  p o s s i b i l i t y  h a s  n o t  b e en  c o n f irm e d .
I t  i s  m ost r e a s o n a b le  t h a t  9 p ro d u c e d  2 an d  10
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
16
p ro d u c e d  3 .  T h is  i s  b a s e d  c h i e f l y  o n  t h e  f a c t  t h a t  i n  
t h e  s i l v e r  u n a s s i s t e d  m e th a n o ly s is  t h e  r a t i o  o f  th e  
s t a r t i n g  m a t e r i a l s  was t h e  same a s  t h e  r a t i o  o f  th e  
p r o d u c t s .  A lth o u g h  i t  i s  c o n c e iv a b le ,  i t  i s  c h e m ic a l ly  
u n l i k e l y  t h a t  t h e r e  w i l l  be  a  l a r g e  am ount o f  s c ra m b lin g  
o f  th e  c o r r e s p o n d e n c e  o f  p r o d u c ts  t o  s t a r t i n g  m a t e r i a l s .
c is -2 -B ro m o -3 -h y d ro x y c y c lo n o n e n e  (1 1 ) and c i s - 1 -  
b ro m o -4 -h y d ro x y c y c lo n o n e n e  ( 1 2 ) . T he b r o m in a t io n  o f  2. 
u s in g  NBS i n  a n  a q u eo u s  a c e to n e  s o l v e n t  sy s te m  p ro d u c e d  
a 5 0 :5 0  m ix tu r e  o f  c i s -2 -b ro m o -3 -h y d ro x y c y c lo n o n e n e  (1 1 ) 
and  c i s - l - b ro m o -4 -h y d ro x y c y c lo n o n e n e  ( 1 2 ) ,  t o g e t h e r  w i th  
s m a ll  am oun ts  o f  4  an d  h ig h  b o i l i n g  p r o d u c t s  c ru d e ly  
p o s s e s s in g  t h e  same r e t e n t i o n  t im e s  a s  £  and  10 . The 
m ain  p r o o f  o f  t h e  s t r u c t u r e  i s  p r o v id e d  b y  th e  nmr s p e c t r a .  
The i n t e r p r e t a t i o n  o f  t h e  nmr s p e c t r a  o f  11  and 12 was 
i d e n t i c a l  t o  t h o s e  o f  2 and 3 : nm r o f  11 (NMR-9) T  3*88
( t , l , J  = 9 H z , -C H -C B r-) , 5 -3 8  ( t , l , J  = 7 H z, -CH -0H ),
7 .5 - 8 .0  (m ,3*-C H 2 -C=C, C-OH ( 7 . 8 8 ) ) ,  8 . 0 - 9 . 0  (m ,10-(C H 2 ) ^ - ) ; 
nmr f o r  12 (NMR-10) r 4 .0 7  (t,l,J = 9 .0  H z , -CH=CBr),
6 .0 - 6 .5  (m ,l ,-C H - 0 H ) ,  7 .0  ( s , l , C - 0 H ) ,  7 .1 5 - 7 .5  (m ,2 , C= 
C B r-C H g-),  7 .6 5  ( d d ,  2 ,  J  = 5 .0 ,  9 .0  H z , H0C-CH2 -CH =).
S i l v e r  i o n  a s s i s t e d  h y d r o l y s i s  o f  a  4 0 :6 0  m ix ­
t u r e  o f  9 an d  10  l e f t  no  s t a r t i n g  m a t e r i a l  i n  p ro d u c in g  
11 and 12 i n  t h e  r a t i o  o f  3 4 :6 5  t o g e t h e r  a c c o u n tin g  f o r  
85#  o f  t h e  p r o d u c t .  The re m a in in g  1 5 #  o f  t h e  p r o d u c t  i s  
made up o f  4 .  The f a c t  t h a t  t h e  h y d r o l y s i s  o f  th e
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s t r u c t u r a l l y  e s t a b l i s h e d  9 an d  10 p ro d u c e d  11 a n d  12 
p r o v i d e s  a d d i t i o n a l  p r o o f  f o r  t h e  s t r u c t u r e s  o f  11 and 
12.
The b ro m in a t io n  o f  1 ,2 - c y c lo n o n a d ie n e  (1 )  i n  
a c e t i c  a c i d . The b r o m in a t io n  o f  1 i n  g l a c i a l  a c e t i c  a c id  
p ro d u c e d  c i s -2 -b ro m o -3 -a c e to x y c y c lo n o n e n e  (1 3 ) and  an  
is o m e r  l 4  i n  th e  r a t i o  o f  3 4 :6 6  t o g e t h e r  m aking  up  60#  
o f  t h e  p r o d u c t .  The o t h e r  4 o #  i s  made up o f  t h e  p r o d u c ts  
c o r r e s p o n d in g  to  4 .  The i r  o f  13 i s  i d e n t i c a l  t o  t h e
7
i r  o f  a n  a u t h e n t i c  sa m p le . The c o m p a riso n  o f  t h e  vpc 
r e t e n t i o n  t im e s  b y  c o i n j e c t i o n  w i th  an  a u t h e n t i c  sam ple  
i n d i c a t e d  t h a t  14 i s  n o t  t r a n s - 2 - b r o m o - 3 - a c e to x y c y c lo n o -
7
n e n e .  The m ass sp e c tru m  was c o n s i s t e n t  w i th  t h e  p r o ­
p o s e d  s t r u c t u r e  f o r  13 : (M S-4) m / e ( r e l  i n t e n s i t y )  2 6 2 ( |
2 6 0 (1 )  ( P ,  Ci:LH17B r02+ ) 5 1 8 1 (8 6 )  (C u H1702+ , P -  B r) 5 
1 3 9 (1 0 0 )  ( b a s e  p e a k ) 3 1 2 1 (4 4 ) (C9H13+ ,  P -  C„H4B r0 2 ) ,
4 3 (3 8 )  (C2H30+ ,  P -  C ^ H ^ B rO ). The m ass sp e c tru m  o f  14 
was s i g n i f i c a n t l y  d i f f e r e n t  fro m  t h a t  o f  1 ^ : (MS -5 )
n ^ e ( r e l  i n t e n s i t y )  2 6 2 (1 ) 2 6 0 (1 )  ( P ,  C ^ H ^ B r O g 4") , 2 0 2 (26 ) 
2 0 0 ( 2 6 ) (C 9H13B r+ , P -  C2H4 02 ) ,  1 8 1 (3 1 ) (Ci ; lH1702+ ,  P -  B r ) , 
1 2 1 (1 0 0 )  (C9H13+ ,  P -  C2H4B r0 2 ) ,  4 3 (9 8 )  ( C ^ O * ,  P -  C9 
H ^ B r O ) . B a se d  upon th e  p a t t e r n  s e t  b y  th e  r e a c t i o n s  
o f  b ro m in e  w i th  1 i n  r e a c t i v e  s o l v e n t s  and th e  in fo rm a ­
t i o n  a v a i l a b l e  i t  i s  s u g g e s te d  t h a t  t h e  s t r u c t u r e  o f  14 
i s  c i s - l - b ro m o - 4 - a c e to x y c y c lo n o n e n e .
The m ass sp e c tru m  o f  a  m ix tu r e  o f  t h e  l a r g e
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am ount o f  e l i m i n a t i o n  p r o d u c ts  4 ,  o b t a i n e d  i n  th e  r e a c ­
t i o n  o f  NBS w i t h  1 i n  a c e t i c  a c i d ,  p r o v id e d  a d d i t i o n a l  
i n f o r m a t io n  p e r t a i n i n g  to  t h e i r  s t r u c t u r e :  (MS-3) nj/®
( r e l  i n t e n s i t y )  2 0 2 (1 4 )  2 0 0 (1 4 ) ( P ,  CgH13B r+ ) ,  121(100) 
(C9H13+ ,  P -  B r ) ,  9 3 (3 5 )» 7 9 ( 4 9 ) ,  6 7 ( 2 7 ) .
C. BR0M0 ADDUCTS OP 1 ,3 -DIMETHYLALLENE (15)
B ro m in a t io n  o f  1 ,3 - d i m e th y l a l l e n e  (1 5 ) in  c a rb o n  
t e t r a c h l o r i d e . The r e a c t i o n  o f  1 ,3 - d i m e th y l a l l e n e  w i th  
b ro m in e  i n  c a r b o n  t e t r a c h l o r i d e  g av e  9 7 #  t r a n s - 3 , 4 - d ib ro m o -
2 - p e n te n t  (1 6 ) a n d  3# o f  c i s - l 6  (Schem e I I I ) . The nmr 
s p e c t r u m [ 7^3 .8 6  ( q r t ,  1 ,  J  = h .5  H z, C=CH), 5*26 ( q r t ,
1 , J  = 6 .5  Hz, CHBr-CBr=C), 8 .1 8  (d, 3 ,  J  = 6 .5  Hz, CH3- 
CHBr)] corresponds closely to that reported for the same
OQ
compound b y  W a te r s ,  L in n  and C a s e r i o .  ^ R e p e t i t i o n  o f  
th e  a d d i t i o n  r e a c t i o n  a t  d i f f e r e n t  t e m p e r a tu r e s  d id  n o t  
p ro d u c e  an y w h ere  n e a r  th e  17# c i s  p r o d u c t  r e p o r t e d  b y  
C a s e r io  and  c o w o r k e r s . ^  H ow ever, c l o s e  o b s e r v a t io n  o f  
th e  nm r s p e c tru m  when com pared w i th  t h e  a s s ig n e d  v a lu e s  
f o r  t h e  c i s  p r o d u c t  r e p o r t e d ,  i n d i c a t e s  t h e  p re s e n c e  o f  
a b o u t 3#  o f  t h e  c i s  is o m e r .
B ro m in a t io n  o f  1 , 3 - d i m e th y l a l l e n e  (1 5 ) i n  m e th a n o l . 
B ro m in a t io n  o f  15  i n  a n h y d ro u s  m e th a n o l  o r  NBS gave a  
90 :1 0  ( d e te r m in e d  b y  v p c  and nm r) m ix tu r e  o f  t r a n s  and 
c i s  -3 -b ro m o -4 -m e th o x y -2 -p e n te n e  ( 1 7 ) .  The nmr o f  t r a n s -  
17 i s  i n  p e r f e c t  a g re e m e n t w i th  t h e  nm r sp e c tru m  o f  
t r a n s - 3  r e p o r t e d  b y  o t h e r  w o r k e r s ( N M R - 6 )  /T/ 4 .0 3
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( q r t ,  1 ,  J = 6 .5  H z , BrC=CH), 6 .3 2  ( q r t ,  1 ,  J = 6 .5  H z , 
CH-OCH3 ) ,  6 .8 5  ( s ,  3 ,  C-OCH3 ) 8 .2 3  ( d ,  3* J  = 6 .5  H z, 
C=C-CH3 ) ,  8 .7 6  ( d ,  3 , J  = 6 .5  H z , CH3 -COCH3 ) .  The nmr 
d s ~17 e v i d e n t  a s  m in o r p e a k s  o n  t h e  nm r sp e c tru m
39o f  th e  m ix tu r e  i s  a l s o  c o n s i s t e n t  w i th  t h e  v a lu e s  g i v e n .  ^  
B r o m in a t io n  o f  15 i n  m e th a n o l  p ro d u c e d  l e s s  t h a n  
2# o f  1 6 . H ow ever, b ro m in a t io n  ( w i t h  B r2 ) i n  a  s a t u r ­
a te d  s o l u t i o n  o f  sodium  b ro m id e  i n  m e th a n o l  p ro d u c e d  
30# o f  16  a lo n g  w i th  an 8 5 :1 5  m ix tu r e  o f  t r a n s  and c i s -  
1 7 ,  r e s p e c t i v e l y .
M u tu a l  s u b s t a n t i a t i o n  o f  s t r u c t u r e  a s s ig n m e n ts  
f o r  16  and  17  a r e  p r o v id e d  b y  t h e  s i l v e r  a s s i s t e d  and  
u n a s s i s t e d  m e th a n o ly s i s  o f  16  t o  g iv e  17  w i th  no a p p a r e n t  
s t e r e o c h e m ic a l  c h a n g e . The c o n v e r s io n  was c a r r i e d  o u t  
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SCHEME III
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CHAPTER I I I  
DISCUSSION
As h a s  b e en  s u g g e s te d  i n  t h e  i n t r o d u c t i o n ,  t h e  
b r o m in a t io n  o f  1 ,3 - d i m e t h y l a l l e n e  ( 1 5 ) p r o b a b ly  o c c u r s  
i n  tw o  s t e p s .  F i r s t ,  t h e  brom onium  io n  i n t e r m e d i a t e s  
18  a n d  19 a r e  fo rm ed  b y  b ro m in e  r e a c t i n g  w i th  t h e  
d o u b le  b o n d s  o f  t h e  a l l e n i c  s y s te m . S e c o n d , a t t a c k  o f  
t h e  n u c l e o p h i l e  o p e n s  t h e  brom onium  io n  b r i d g e .  T h is  
r e s u l t s  i n  a  t r a n s  a d d i t i o n ,  w i th  t h e  n u c l e o p h i l e  b e ­
com ing  a t t a c h e d  t o  t h e  a l l y l i c  c a rb o n  t o  g iv e  t h e  3 -  
b r o m o - 4 - s u b s t i t u t e d - 2 - p e n t e n e  p r o d u c t s .  The e x p e r im e n ta l  
r e s u l t s  show  t h a t  t h e  b r o m in a t io n  o f  15 s t e r e o s e l e c t i v e l y  
p r o d u c e s  t h e  t r a n s  is o m e r .
I f  t h e  f i r s t  s t e p  w e re  t h e  s lo w  s t e p ,  a n d  a l s o  
t h e  p r o d u c t  d e te rm in in g  s t e p ,  i t  w ould  im p ly  t h a t  t h e  
f o r m a t io n  o f  t h e  brom onium  i o n  i s  s t e r e o s e l e c t i v e .  
E l e c t r o p h i l i c  a t t a c k  by  b ro m in e  t o  form  th e  brom onium  
io n  19 (e q  2) w ould u l t i m a t e l y  g iv e  th e  c i s  p r o d u c t .  
B ro m in e  a t t a c k  on t h e  o t h e r  s i d e  o f  th e  -b o n d  w o u ld  
g i v e  io n  18  w h ich  w ould  l e a d  t o  t h e  f o rm a t io n  o f  t h e  
t r a n s  p r o d u c t .  H ow ever, e x a m in a t io n  o f  a m o le c u la r  
m o d e l ( P r e n t i c e - H a l l )  o f  15* a s  i l l u s t r a t e d  b y  1 5  i n  
e q  2 ,  show s t h a t  a l l  t h e  - c l o u d s  a re  r e l a t i v e l y  o p en  
f o r  r e a c t i o n  w i th  b ro m in e . I f  t h e r e  w ere  a  d i f f e r e n c e  
i n  t h e  t r a n s i t i o n  s t a t e  e n e r g i e s  t h a t  w ould  f a v o r  t h e  
f o r m a t io n  o f  one o r  t h e  o t h e r  brom onium  i o n ,  t h a t  w i l l
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
21
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
22
s u b s e q u e n t ly  open  up t o  g iv e  t h e  p r o d u c t s ,  t h e  t r a n s ­
i t i o n  s t a t e  t h a t  l e a d s  t o  19 s h o u ld  b e  f a v o r e d .  The 
t r a n s i t i o n  s t a t e  ( T - lg )  t h a t  p r o d u c e s  th e  i n t e r m e d i a t e  
19  i n v o l v e s  b ro m in e  a p p r o a c h in g  t h e  r r - c lo u d  c i s  t o  
t h e  h y d ro g e n  on  th e  d o u b le  b o n d  n o t  u n d e rg o in g  r e a c t i o n ,  
w h e re a s  t h e  t r a n s i t i o n  s t a t e  (T -1 8 )  t h a t  p ro d u c e s  18  
i n v o l v e s  t h e  b ro m in e  a p p r o a c h in g  t h e  r r - c lo u d  c i s  t o  t h e  
m e th y l  g ro u p  o f  t h e  d o u b le  b o n d  n o t  u n d e rg o in g  r e a c t i o n .
I f  a l l  s i d e s  o f  t h e  a l l e n i c  s y s te m  w ere  e q u a l ly  a v a i l a b l e ,  
and  t h e  r a t e  d e te rm in in g  s t e p  w as t h e  f i r s t  s t e p ,  t h e  
p r o d u c t  s h o u ld  be  e q u a l l y  d i s t r i b u t e d  b e tw een  th e  c i s  
and  t r a n s  i s o m e r s . H ow ever, i f  t h e  above  s t e r i c  f r c t o r s  
w e re  s i g n i f i c a n t ,  th e n  t h e  m a j o r i t y  o f  th e  p r o d u c t s  
s h o u ld  b e  c i s . The r e s u l t s  show  t h a t  83 t o  97% o f  t h e  
p r o d u c t s  a r e  t r a n s . T h e r e f o r e ,  i t  i s  a p p a r e n t ,  t h a t  
t h e  f i r s t  s t e p  i s  n o t  th e  r a t e  d e te r m in in g  s t e p .  The 
r e s u l t s  c a n  b e  m ore r e a d i l y  e x p l a in e d  by  a s su m in g  t h a t  
t h e  f i r s t  s t e p  i s  r e v e r s i b l e  a n d  t h a t  18  and  1£  a r e  i n  
e q u i l i b r i u m  w ith  e a c h  o t h e r ,  b e c a u s e  18 and  1£  a r e  i n  
e q u i l i b r i u m  w ith  1 5 *
The se c o n d  s t e p  i s  t h e  r a t e  d e te r m in in g  s t e p .
T he s e c o n d  s t e p  in v o lv e s  t h e  o p e n in g  o f  t h e  brom onium  
b r i d g e s  o f  18  and  l g  w i th  t h e  a t t a c k  o f  t h e  n u c l e o p h i l e  
i n  a  d i r e c t i o n  t r a n s  t o  t h e  b r i d g e .  The a t t a c k  o c c u r s  
a t  t h e  a l l y l i c  c a r b o n ,  o p e n in g  u p  t h e  r i n g  t o  se n d  t h e  
b r i d g i n g  b ro m in e  a tom  t o  t h e  v i n y l  p o s i t i o n .  The
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t r a n s i t i o n  s t a t e s  t h a t  a r e  in v o lv e d  i n  t h e  s lo w  s t e p ,  
a r e  p r o b a b ly  a p p ro x im a te d  b y  20 and  2 1 . The t r a n s i t i o n  
s t a t e  20  l e a d s  t o  t h e  t r a n s  is o m e r  and  21 t o  t h e  c i s  
i s o m e r .  T he t r a n s  t o  c i s  p r o d u c t  r a t i o  w ould  b e  c o n ­
t r o l l e d  b y  t h e  d i f f e r e n c e  i n  f r e e  e n e r g i e s  o f  t h e  t r a n s -
l l ai t i o n  s t a t e s  20  and  2 1 . The d i f f e r e n c e  i n  e n e rg y  
i s  due t o  t h e  c i s ,  v i n y l ,  l ,2 -C H ^ ,B r  and  1 ,3 -N ,H  i n t e r ­
a c t i o n s  and  th e  c i s  v i n y l ,  l , 2 - H ,B r  a n d  1 ,3 -N ,C H ^ i n t e r ­
a c t i o n s ,  i n  20 and 21 r e s p e c t i v e l y .  The 1 ,2 ,3 » -m e th y l  
s u b s t i t u t e d  a l l y l i c  c a t i o n s  22 and  23 s e r v e  a s  u s e f u l  







The e n e r g y  d i f f e r e n c e  b e tw e e n  23 a n d  22 i s  e s t im a te d  t o  
b e  6 .0  k c a l /m o l .  As sinn ing  t h a t  t h e  in co m in g  n u c le o ­
p h i l e  w o u ld  e n c o u n te r  a s  much s t e r i c  h in d r a n c e  a s  a  
m e th y l  g ro u p  w o u ld , i t  c o u ld  b e  a rg u e d  t h a t  t h e  e n e rg y  
d i f f e r e n c e  b e tw ee n  th e  t r a n s i t i o n  s t a t e s  21 an d  20 i s
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a b o u t  6 k c a l /m o l .  As i t  i s  a p p a r e n t  i n  t h e  c a s e  o f  t h e  
m o d e ls  22 a n d  23 th e  c i s  v i n y l  1 , 2  i n t e r a c t i o n s  a r e  n o t  
a s  im p o r ta n t  a s  t h e  1 ,3  i n t e r a c t i o n s .  T h is  im p l ie s  t h a t  
t r a n s i t i o n  s t a t e  20 w i l l  be  o f  lo w e r  e n e rg y  th a n  t r a n s ­
i t i o n  s t a t e  21 and  t h a t  th e  p re d o m in a n t  p r o d u c t  w i l l  b e  
t r a n s - i s o m e r .  T h is  i s  i n  a c c o r d  w i th  e x p e r im e n t .
I n  sum m ary, th e  s u g g e s te d  m echan ism  in v o lv e s  
t h e  i n i t i a l  f o r m a t io n  o f  18  and 19  b y  t h e  e l e c t r o p h i l i c  
a d d i t i o n  t o  t h e  a l l e n i c  sy s te m . The in t e r m e d i a t e s  18 
and  IQ  a r e  i n  r a p i d  e q u i l ib r iu m  w i t h  t h e  s t a r t i n g  m a t e r ­
i a l ,  c o n s e q u e n t ly  a r e  i n  e q u i l i b r i u m  w i th  each  o t h e r .
The p r o d u c t  d e te rm in in g  s lo w  s t e p  i s  t h e  t r a n s  a d d i t i o n  
o f  t h e  n u c l e o p h i l e  t o  p ro d u c e  t h e  p r o d u c t s ,  p r o c e e d in g  
v i a  two t r a n s i t i o n  s t a t e s  a t  d i f f e r e n t  e n e rg y  l e v e l s ,  
c o r r e s p o n d in g  t o  20 and 2 1 . The s t e r e o s e l e c t i v i t y  i s  
a t t r i b u t e d  t o  t h e  r e a c t i o n  p r o c e e d in g  p r e f e r e n t i a l l y  
v i a  t h e  t r a n s i t i o n  s t a t e  20 w h ic h  h a s  t h e  lo w e r f r e e  
e n e rg y  v a l u e .
I n  c o n t r a s t  t o  th e  s i t u a t i o n  w i th  15 th e  b rom ­
i n a t i o n  o f  1 p ro d u c e s  e x c l u s i v e l y  t h e  c i s  is o m e r . T h is  
i s  t r u e  a l s o  w i th  o x y m e rc u ra t io n  a n d  o t h e r  e l e c t r o p h i l i c  
a d d i t i o n  r e a c t i o n s .  T h is  d i f f e r e n c e  i n  t h e  o r i e n t a t i o n  
a b o u t  t h e  u n r e a c t e d  d o u b le  bond o f  t h e  a l l e n i c  sy s te m s  
o f  t h e  open  c h a in  a l l e n e  15  and  1 i s  p r i m a r i l y  due t o  
th e  u n iq u e  g e o m e try  o f  _1. U n l ik e  i n  1J5, o n ly  one s i d e  
o f  e a c h  o f  t h e  d o u b le  bonds o f  t h e  a l l e n i c  sy s te m s o f
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1 i s  e x p o se d  o r  u n p r o te c te d  b y  t h e  m e th y le n e  b r i d g e .
I
r e a c t i v e  p o l a r  s o lv e n ts  y i e l d e d  th e  c i s - 2 - b r o m o - 3 - s u b ­
s t i t u t e d  c y c lo n o n e n e  p r o d u c t s  a n a lo g o u s  t o  t h e  ox y m er- 
c u r a t i o n  p r o d u c t s .  H ow ever, a  s i g n i f i c a n t  d i f f e r e n c e  
d i s c o v e r e d  w i th  th e  b r o m in a t io n  o f  1 was t h a t  t h e  m a jo r  
p r o d u c t s  w e re  th e  l - b r o m o - 4 - s u b s t i t u t e d  c y c lo n o n e n e s . 
T h e se  r e a r r a n g e d  p r o d u c ts  r e s u l t  from  a  1 ,5  t r a n s a n n u l a r  
h y d r id e  s h i f t .
o x y m e rc u r a t io n  o f  1 i s  b a s i c a l l y  th e  same a s  t h a t  o b ­
s e r v e d  f o r  t h e  two s t e p  m ech an ism  f o r  th e  o x y m e rc u ra t io n  
o f  1£» I n  t u r n ,  th e  m ech an ism  f o r  th e  o x y m e rc u ra t io n  o f  
15  i s  a n a la g o u s  t o  t h e  b r o m in a t io n  o f  15* T h e r e f o r e ,  
i t  i s  l o g i c a l  t o  assum e t h a t  t h e  b ro m in a tio n  o f  1 a l s o  
p r o c e e d s  v i a  a  two s t e p  m ec h an ism , n a m e ly , t h e  i n i t i a l  
f o r m a t io n  o f  th e  brom onium  i o n  i n te r m e d i a t e  an d  t h e  s u b ­
s e q u e n t  b r i d g e  o p e n in g  by  t h e  n u c le o p h i l e  t o  p ro d u c e  th e  
p r o d u c t s .
c a n  b e  a n a ly z e d  i n  te rm s  o f  t h e  p o s s i b l e  t r a n s i t i o n  
s t a t e s ,  a s  was done i n  t h e  c a s e  o f  l j j .  I t  i s  r e a s o n a b l e
1
B ro m in a tio n  o f  1 i n  c a rb o n  t e t r a c h l o r i d e  and
B ach1 h a s  o b s e rv e d  t h a t  t h e  m echanism  f o r  t h e
The m echanism  o f  t h e  b ro m in a t io n  r e a c t i o n  o f  1
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t h a t  t h e  i n i t i a l  s t e p  i s  t h e  fo rm a t io n  o f  t h e  b r i d g e d  








The h ig h ly  s t r a i n e d  25  i s  p ro d u c e d  b y  t h e  
e l e c t r o p h i l i c  b ro m in e  co m in g  from  th e  i n s i d e  o f  t h e  
r i n g  t o  com bine w i th  t h e  s i d e  o f  th e  a l l e n i c  d o u b le  
b o n d  t h a t  i s  p r o t e c t e d  b y  t h e  m e th y le n e  b r i d g e .  C o n se ­
q u e n t l y ,  t h e  t r a n s i t i o n  s t a t e  (T -2 5 ) c o r r e s p o n d in g  t o  
t h e  p r o d u c t i o n  o f  25  i s  p r o b a b ly  v e ry  h ig h  i n  e n e r g y .  
T he s t e r i c a l l y  crow ded  ^ 5  i n  t u r n  can  r e a c t  w i t h  t h e  
n u c l e o p h i l e  t o  p ro d u c e  t h e  t r a n s  p r o d u c t s .  I t  i s  n o t  
c l e a r ,  a s  t o  w h ich  o f  t h e  tw o  t r a n s i t i o n  s t a t e s  T -2 5  
o r  t h e  t r a n s i t i o n  s t a t e  c o r r e s p o n d in g  t o  t h e  s e c o n d  
s t e p ,  t h e  p r o d u c t io n  o f  t h e  t r a n s  p r o d u c t  ( T - t r a n s ) 
w o u ld  b e  h ig h e r  i n  f r e e  e n e r g y .  N e v e r t h e l e s s ,  t h e  
p a th w a y  in v o lv in g  25  r e p r e s e n t s  a  h ig h  e n e rg y  p r o c e s s  
w h e re  t h e  f r e e  e n e rg y  v a lu e  o f  T -25  o r  T- t r a n s  i s  t h e  
h i g h  p o i n t  o f  t h e  p a th w a y .
On th e  o t h e r  h a n d , t h e  fo rm a t io n  o f  24  g o e s  
t h r o u g h  a  t r a n s i t i o n  s t a t e  (T -2 4 )  lo w e r i n  e n e r g y  th a n  
T -2 5 .  T h is  i s  due t o  t h e  f a c t  t h a t  th e  e l e c t r o p h i l e
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c o m b in e s  w i th  th e  T T -clouds o f  t h e  a l l e n i c  sy s te m  t h a t  
a r e  p r o t r u d i n g  away fro m  t h e  r i n g .  The i n t e r m e d i a t e  
24 d o e s  n o t  h av e  th e  brom onium  io n  s t i c k i n g  i n t o  t h e  
m id d le  o f  an  a l r e a d y  crow ded  r i n g ,  a s  i s  t h e  c a s e  w i th  
2 5 . C o n s e q u e n t ly ,  T -24  and  24  a r e  p r o b a b ly  c o n s i d e r a b l y  
lo w e r  i n  e n e rg y  th a n  T -2 5  a n d  2 5 ,  r e s p e c t i v e l y .  The 
g e o m e try  o f  t h e  i n t e r m e d i a t e  24  a p p a r e n t ly  i s  r e s p o n s i b l e  
f o r  t h e  d e v i a t i o n  from  t h e  r e a c t i o n  p a t t e r n  s e t  b y  t h e  
o p en  c h a i n  a l l e n e .  As h a s  b e e n  i l l u s t r a t e d  i n  t h e  
d ra w in g  o f  2 4 , and can  be v e r i f i e d  b y  e x am in in g  m o d e ls  
( P r e n t i c e - H a l l ) ,  t h e  m e th y le n e  b r i d g e  i s  w rapped  a ro u n d  
i n  s u c h  a  way a s  t o  make t h e  a d d i t i o n  o f  t h e  n u c l e o p h i l e  
i n  a  d i r e c t i o n  t r a n s  t o  t h e  brom onium  io n  b r i d g e  d i f f i ­
c u l t .  A l th o u g h  t r a n s  o p e n in g  o f  t h e  brom onium  b r i d g e  
i s  s t e r e o e l e c t r o n i c a l l y  p r e f e r r e d ,  i t  i s  s u g g e s te d  t h a t  
t h e  n u c l e o p h i l e  com bines w i t h  C -3  o f  24 and o p e n s  up  
t h e  r i n g  i n  a  c i s  d i r e c t i o n .  The se c o n d  s t e p ,  i n  o t h e r  
w o rd s , i n v o lv e s  a c i s  a d d i t i o n  o f  t h e  n u c le o p h i l e  t o  
2 4 . I n  s u p p o r t  o f  t h i s  p r o p o s i t i o n  i s  th e  f a c t  t h a t  
t h e  m a jo r  r e a c t i o n  24 u n d e rg o e s  i s  th e  1 ,5 - h y d r id e  s h i f t ,  
w h ic h  o c c u r s  i n  a d i r e c t i o n  t r a n s  t o  th e  brom onium  io n  
b r i d g e .  The e n e rg y  o f  t h e  t r a n s i t i o n  s t a t e  c o r r e s p o n d in g  
t o  t r a n s  a d d i t i o n  to  24  w ou ld  p r o b a b ly  be c lo s e  t o  T - 
t r a n s . T h e r e f o r e ,  t r a n s  a d d i t i o n  t o  24 w ould  i n v o lv e  
e n e r g e t i c a l l y  u n f a v o r a b le  i n t e r a c t i o n s  s i m i l a r  t o  t h o s e  
p r e d i c t e d  i n  T - t r a n s . T h is  i m p l i e s  t h a t  t r a n s  a d d i t i o n  
t o  24  w i l l  b e  o f  to o  h ig h  a n  e n e r g y  t o  be  a  s i g n i f i c a n t
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p a th w a y .
C o r r e l a t i n g  th e  p a th w a y  t h a t  p ro d u c e s  t h e  c i s  
p r o d u c t s  w i th  t h a t  o f  t h e  p a th w a y s  in v o lv e d  in  t h e  o p e n  
c h a in  a l l e n e  i t  i s  p o s s i b l e  t o  e s t i m a t e ,  r o u g h ly ,  th e  
r e l a t i v e  e n e rg y  v a lu e s  o f  t h e  t r a n s i t i o n  s t a t e s  in v o lv e d  
T he e n e r g y  v a lu e  f o r  T -2 4  i s  p r o b a b l y  a b o u t  th e  same 
a s  f o r  t h e  t r a n s i t i o n  s t a t e  i n v o lv e d  i n  p ro d u c in g  1 9 .
The t r a n s i t i o n  s t a t e  T - c i s  c o r r e s p o n d in g  t o  th e  p r o ­
d u c t i o n  o f  t h e  c i s - 2 ,3 - p r o d u c t  h o w e v e r ,  i s  p ro b a b ly  
h i g h e r  t h a n  2 1 . The p r o d u c t  r a t i o  o f  2 ,3 - i s o m e r s  t o
1 ,4 - i s o m e r s  i n d i c a t e s  t h a t  T- c i s  a n d  t h e  t r a n s i t i o n  
s t a t e  (T -h y d )  c o r r e s p o n d in g  t o  t h e  p r o d u c t i o n  o f  26 
a r e  o f  a b o u t  t h e  same e n e rg y  l e v e l .
T he f a c t  t h a t  t h e  e n e rg y  h i g h - p o i n t  on t h e  p a t h ­
way l e a d i n g  t o  t h e  t r a n s  p r o d u c t s  i s  p r o b a b ly ,  c o n s i d e r ­
a b ly  h i g h e r ,  f o r c e s  th e  r e a c t i o n  t o  p r o c e e d  v i a  th e  
lo w e r  e n e r g y  p a th w ay  t h a t  l e a d s  t o  t h e  c i s  p r o d u c t s .
The r e s u l t s  i n d i c a t e  t h a t  t h e  p r e f e r e n c e  f o r  th e  c i s  
o v e r  t h e  t r a n s  p a thw ay  i s  100#  w i t h i n  e x p e r im e n ta l  e r r o r
I t  w o u ld  now b e  l o g i c a l  t o  t h e o r i z e  t h a t  t h e  
e l i m i n a t i o n  p r o d u c ts  4  a r e  c i s - c i s - 2 - b r o m o - l ,3 - c y c lo n o -  
n a d ie n e  a r i s i n g  from  24 an d  c i s - c i s - l - b r o m o - l , 3 - c y c l o n o -  
n a d ie n e  a r i s i n g  from  t h e  r e a r r a n g e d  ca rb o n iu m  io n  26 
a f t e r  t h e  t r a n s a n n u l a r  1 ,5 - h y d r i d e  s h i f t .
T he r e c e n t  w ork by  B ach1 p r o v i d e s  an i n t e r e s t i n g  
c o m p a r is o n .  He r e a c t e d  o p t i c a l l y  a c t i v e  1 w ith  v a r io u s  
m e r c u r ic  s a l t s  i n  e th a n o l  t o  p r o d u c e  t h e  o rg a n o m e rc u ry
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com pounds w h ic h  w ere  i n  t u r n  ( i n  s i t u ) re d u c e d  b y  b o ro n  
t r i f l o u r i d e  e t h e r a t e  t o  3 -e th o x y c y c lo n o n e n e .  T he o p t i c a l  
a c t i v i t y  o f  t h e  r e s u l t i n g  c i s - 3 - e th o x y c y c lo n o n e n e s  w as 
m e a su re d  an d  t a b u l a t e d  c o r r e s p o n d in g  t o  t h e  s a l t s  u s e d .
The p r o d u c t i o n  o f  o p t i c a l l y  a c t i v e  c i s - 3 -e th o x y c y c lo n o n e n e  
fro m  i t s  c o r r e s p o n d in g  o rg a n o m e rc u ry  com pound p r o v i d e s  
c o n v in c in g  e v id e n c e  f o r  t h e  p r e s e n c e  o f  t h e  b r id g e d  m e r-  
c u r in iu m  i o n .  The o p t i c a l  p u r i t y  o f  t h e  p r o d u c t ,  h o w e v e r , 
v a r i e d  d u e  t o  r a c e m iz a t io n  c a u s e d  b y  t h e  f o r m a t io n  o f  an 
a l l y l i c  c a rb o n iu m  io n  i n  e q u i l i b r i u m  w i th  t h e  m e rc u r in iu m  
i o n ,  r a c e m i z a t io n  i n c r e a s i n g  w i th  i n c r e a s i n g  e l e c t r o p h i l -  
i c i t y  o f  t h e  s u b s t i t u e n t  on  t h e  m e rc u ry  a to m .
c y c lo n o n e n e  i s  n o t  known, b u t  i f  e s t a b l i s h e d  i t  w o u ld  
p e r m i t  o n e  t o  d e c id e  w h e th e r  th e  s t e r e o c h e m is t r y  o f  t h e  
a d d i t i o n  i n  t h i s  c a s e  was c i s  o r  t r a n s , in asm u ch  a s  t h e  
a b s o l u t e  c o n f i g u r a t i o n  o f  t h e  o p t i c a l l y  a c t i v e  s t a r t i n g
T he above  w ork m ig h t r a i s e  t h e  q u e s t io n  o f  w h e th e r  
o r  n o t  r e s o n a n c e  s t a b i l i z e d  a l l y l i c  io n s  s u c h  a s  27 and  
28  m ig h t  a l s o  p a r t i c i p a t e  i n  t h e  b r o m in a t io n  r e a c t i o n s
T he a b s o l u te  c o n f i g u r a t i o n  o f  t h e  c i s - 3 - e t h o x y -
m a t e r i a l  1 was know n . ^
B r
27 28
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o f  1 . The p o s s i b i l i t y  o f  fo rm in g  th e  r e a r r a n g e d  p r o ­
d u c t  b y  a  1 , 5 -h y d r id e  s h i f t  f ro m  27 and  28  seem s t o  be  
u n l i k e l y  f o r  s e v e r a l  good r e a s o n s .  (1 )  M odels o f  27 
and  28  i n d i c a t e  t h a t  h y d r id e  t r a n s f e r  fro m  5 o r  5 ' t o  
1 o r  1* i s  p h y s i c a l l y  im p o s s ib l e .  (2 )  The p r o c e s s  o f  
fo rm in g  a  s e c o n d a ry  c a rb o n iu m  io n  on C -5  o r  C-5* i s  
th e rm o d y n a m ic a l ly  an  " u p h i l l "  p r o c e s s .  (3 )  A c e t o l y s i s  
o f  9 » 9 - d ib r o m o b ic y c lo ( 6 .1 .0 )n o n a n e  w h ic h  g o e s  th r o u g h  a  
r e s o n a n c e  s t a b i l i z e d  a l l y l i c  i o n  d o es n o t  p ro d u c e  an y
7
r e a r r a n g e m e n t . ' H ow ever, i t  i s  c o n c e iv a b le  t h a t  i n t e r ­
m e d ia te  24 p ro d u c e s  a l l  t h e  r e a r r a n g e d  p r o d u c t  b u t  27 
( w i th  a t t a c k  a t  C - l  o n ly )  o r  28  a r i s i n g  fro m  24 p ro d u c e s  
t h e  c i s  n o rm a l a d d i t i o n  p r o d u c t s .  The p o s s i b i l i t y  o f  
t h e  a l l y l i c  ca rb o n iu m  su c h  a s  28  p a r t i c i p a t i n g  i n  t h e  
f o r m a t io n  o f  t h e  c i s - 2 , 3 - d i s u b s t i t u t e d  c y c lo n o n e n e s  
c a n n o t  b e  c o m p le te ly  r u l e d  o u t .  H ow ever, i t  w ou ld  seem  
m ore l i k e l y  t h a t  th e  c i s - 2 , 3 - d i s u b s t i t u t e d  c y c lo n o n e n e s  
and  26  b o th  a r i s e  d i r e c t l y  fro m  2 4 .
Schem e IV  su m m arizes t h e  m o st r e a s o n a b le  o v e r a l l  
p i c t u r e  o f  t h e  b ro m in a t io n  o f  1 .  The i n i t i a l  r e a c t i o n  
i n v o lv e s  t h e  fo rm a t io n  o f  an  i n t e r m e d i a t e  24 p ro d u c e d  
b y  t h e  r e a c t i o n  o f  b ro m in e  w i th  t h e  e x p o se d  s i d e s  o f  t h e  
a l l e n i c  s y s te m . S i m i l a r  t o  t h e  s i t u a t i o n  i n  t h e  b ro m i­
n a t i o n  o f  1 5 ,  24 p r o b a b ly  i s  i n  e q u i l i b r i u m  w i th  1 .  
H ow ever, f o r  p r o h i b i t i v e  e n e rg y  c o n s i d e r a t i o n s ,  25 and  
t h e  p a th w a y  i t  r e p r e s e n t s  i s  e x c lu d e d .  The i n t e r m e d i a t e
























3 , 1 0 , 1 2 , 14
X = 0CH3 ( 2 ,  3)
= B r ( 9 ,  10)
= OH ( 1 1 ,  12 )
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2 4 , i n  t u r n ,  u n d e rg o e s  one o f  t h r e e  r e a c t i o n s ,  (1 )  e l im ­
i n a t e s  a  p r o t o n  t o  p ro d u c e  c i s - c i s - 2 - b r o m o - l ,3 - c y c lo n o -  
n a d ie n e  ( 4 ) ,  (2 )  u n d e rg o e s  r i n g  o p e n in g  a s  a  r e s u l t  o f  
a  c i s  a d d i t i o n  b y  th e  n u c le o p h i l e  t o  p ro d u c e  th e  c i s -
2 - b r o m o - 3 - s u b s t i t u t e d  c y c lo n o n e n e  p r o d u c t s ,  and  (3 )  
u n d e rg o e s  a  1 ,5 - h y d r id e  s h i f t  t o  p ro d u c e  t h e  r e a r r a n g e d  
c a rb o n iu m  io n  2 6 . S im u l ta n e o u s ly  w i th  i t s  p r o d u c t io n  o r  
s u b s e q u e n t ly  26  e i t h e r  e l i m in a t e s  t o  g iv e  c i s - c i s - 1 -  
b r o m o - l ,3 - c y c lo n o n a d ie n e  o r  r e a c t s  w i th  a  n u c le o p h i l e  
t o  g iv e  t h e  c i s - l - b r o m o - 4 - s u b s t i t u t e d  p r o d u c t s .
T he f a c t  t h a t  t h e  b r o m in a t io n  o f  1 p ro d u c e d  
t r a n s a n n u l a r  h y d r id e  t r a n s f e r  and th e  a d d i t i o n  t o  1 w i th  
o t h e r  e l e c t r o p h i l e s  r e p o r t e d  e a r l i e r ,  d id  n o t ,  c e r t a i n l y  
i m p l i e s  t h a t  t h e  a lk e n y l  brom onium  io n  i s  d i f f e r e n t  fro m  
th e  b r i d g e d  m e rc u r in iu m  i o n ,  f o r  e x a m p le . The n a tu r e  
o f  t h i s  brom onium  io n  d e s e r v e s  m ore s tu d y .
When th e  w ork r e p o r t e d  i n  t h i s  t h e s i s  was n e a r l y
c o m p le te  i t  w as l e a r n e d  t h a t  tw o g ro u p s  o f  w o rk e rs  h e a d e d
4 8b y  R e e s e  i n  C am b rid g e , E n g la n d , an d  C a s e r io  a t  UC I r v i n e
h a v e  b r o m in a te d  1 and h a v e  c o n f irm e d  much o f  t h e  r e s u l t s
p r e s e n t e d  h e r e .  By u s in g  o p t i c a l l y  a c t i v e  1 ,  C a s e r io
and c o w o rk e rs  h av e  shown t h a t  b o th  t h e  n o rm a l a d d i t i o n
and  t r a n s a n n u l a r  h y d r id e  s h i f t  a r e  a t  l e a s t  i n  p a r t
s t e r e o s p e c i f i c .
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CHAPTER IV  
EXPERIMENTAL
An A e ro g ra p h  P-90 ( V a r ia n  A e ro g ra p h  I n c . )  g a s  
c h ro m a to g ra p h  f i t t e d  w ith  a  5 f t .x £ -  i n .  o r  10 f t . x £  i n .  
p y re x  g l a s s  co lum n  was u s e d .  The c o lu m n s w ere p a c k e d  
w i th  10#  c a rb o w a x  20M ( p o ly e th y le n e  g l y c o l )  on A e ro p a c k -  
30 o r  v a r o p a c k ,  8 0 /1 0 0  m esh ( b o th  fro m  V a r ia n  A e r o g r a p h ) , 
o r  h e x a m e t h y l d i s i l a n e  (HMDS) t r e a t e d  8 0 /1 0 0  m esh C hrom o- 
so rb  P ( J o h n s  M a n v i l l e ) . A l l  g a s  c h ro m a to g ra p h ic  (VPC) 
a n a ly s e s  and  p r e p a r a t i v e  g a s  c h ro m a to g ra p h y  w ere  made 
u s in g  t h e  a b o v e  co lu m n s, e x c e p t  when o th e rw is e  n o t e d .
A l l  a n a l y s e s  w e re  made i s o t h e r m a l l y  a t  s u i t a b l e  te m p e r a ­
t u r e s  an d  e a c h  new  a n a l y s i s  was c o n t in u e d  from  two t o  
t h r e e  t im e s  t h e  t im e  r e q u i r e d  f o r  t h e  l a s t  com ponent t o  
a p p e a r .  I n  m o s t  c a s e s ,  o n ly  co lum n  te m p e r a tu r e s  (°C ) 
a r e  r e p o r t e d .  T he i n j e c t o r  t e m p e r a tu r e  i s  g e n e r a l l y  
a b o u t 3 0 °  a b o v e  t h e  colum n t e m p e r a tu r e  and th e  d e t e c t o r  
t e m p e r a tu r e  i s ,  i n  t u r n ,  a b o u t  30°  a b o v e  th e  i n j e c t o r  
t e m p e r a tu r e .  The p r e s e n c e  o f  a l a r g e  p e a k  soon a f t e r  
i n j e c t i o n  i n  t h e  ch ro m ato g ram s i s  d u e  t o  s o lv e n t  p r e ­
s e n t  b e c a u s e  t h e  sam p le  i s  a  c o n c e n t r a t e d ,  c ru d e ,  
r e a c t i o n  p r o d u c t ,  o r  th e  s o l v e n t  h a d  b e e n  i n t e n t i o n a l l y  
added  t o  f a c i l i t a t e  b e t t e r  s e p a r a t i o n .  P u re  co m p o n en ts  
o f  a m ix tu r e  o f  r e a c t i o n  p r o d u c t s  a r e  i s o l a t e d  b y  p r e ­
p a r a t i v e  v p c .  T he c o l l e c t i n g  d e v ic e  c o n s i s t s  o f  a
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b e n t  g l a s s  t u b in g ,  one en d  o f  w h ic h  f i t s  i n t o  t h e  
e x i t  p o r t  o f  t h e  g a s  c h ro m a to g ra p h  and t h e  o t h e r  
e n d  l e a d s  th ro u g h  a  2 - h o le d  s t o p p e r  t o  th e  b o t to m  o f  
a  c e n t r i f u g e  tu b e .  The o t h e r  h o le  o f  th e  s t o p p e r  i s  
a l s o  f i t t e d  w i th  a  b e n t  g l a s s  t u b in g  t h a t  b a r e l y  r e a c h e s  
b e lo w  t h e  s t o p p e r .  A l e n g t h  o f  r u b b e r  tu b in g  i s  u s e d  
t o  c lo s e  t h e  d e v ic e  im m e d ia te ly  a f t e r  c o l l e c t i o n  b y  
f i t t i n g  o v e r  t h e  open  e n d s  o f  b o th  g l a s s  t u b i n g s .  
G e n e r a l l y  t h e  r e c e i v i n g  tu b e  i s  c o o le d  i n  an  i c e b a t h .
T he i n f r a r e d  s p e c t r a  ( i r )  w ere  o b ta in e d  u s i n g  
e i t h e r  a  P e rk in -E lm e r  sod ium  c h l o r i d e  p r is m  m o d e l 137 
s p e c t r o p h o to m e te r  o r  a  P e r k in - E lm e r  m odel 337 g r a t i n g  
s p e c t r o p h o to m e te r .  A l l  s a m p le s  w ere  ru n  " n e a t"  b e tw e e n  
KBr o r  N aCl p l a t e s  a n d /o r  l i q u i d  c e l l s .  A l l  a b s o r p t i o n s  
a r e  r e p o r t e d  i n  cm"1 .
R e f r a c t i v e  in d e x e s  w e re  o b ta in e d  on  a  B a u sc h  and  
Lomb A bbe-3L  r e f r a c t o m e t e r .
A l l  b o i l i n g  p o i n t s  a r e  r e p o r t e d  i n  d e g re e s  
c e n t i g r a d e .  The d i s t i l l a t i o n  p r e s s u r e  was m e a su re d  by  
a  McLeod g u a g e .
T he u l t r a v i o l e t  (u v ) s p e c t r a  w ere  o b t a i n e d  u s in g  
a  P e r k in - E lm e r  v i s i b l e - u l t r a v i o l e t  M odel 202 s p e c t r o ­
p h o to m e te r  w i th  s i l i c a  c e l l s  ( 1 .0  cm p a th  l e n g t h ) . 95#
e t h a n o l  w as u s e d  &S th e  s o l v e n t  f o r  a l l  r u n s .
M e l t in g  p o i n t s  w ere  d e te rm in e d  w ith  a  T hom as-  
H oover U n i-M e lt  c a p i l l a r y  m e l t i n g  p o i n t  a p p a r a t u s .
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E le m e n ta l  a n a l y s e s  w e re  c a r r i e d  o u t  b y  A l f r e d  
B e r n h a r d t ,  M ik r o a n a ly t i s c h e s  L a b o ra to r iu m , 5251 E lb a c h  
u b e r  E n g e l s k i r c h e n ,  F r i t z - P r e g l - S t r a s s e  1 ^ - 1 6 ,  W est 
G erm any.
The a u th o r  i s  g r a t e f u l  t o  D r. G. E . P o l l a r d  a t  
t h e  S h e l l  D evelopm en t Company i n  M o d esto , C a l i f o r n i a ,  
and  D r . A. T . B o t t i n i  a n d  h i s  s t u d e n t s ,  M r. Ken F r o s t  
and  M r. R oss F i t z g e r a l d ,  a t  t h e  U n i v e r s i t y  o f  C a l i f o r n i a  
a t  D a v is ,  f o r  d e te r m in in g  t h e  nmr s p e c t r a .  I n  e a c h  
c a s e  a  V a r ia n  A-60  (6 0  MHz) in s t r u m e n t  was u s e d  u s in g  
c a rb o n  t e t r a c h l o r i d e  a s  t h e  s o lv e n t  and  t e t r a m e t h y l -  
s i l a n e  (TMS) a s  an i n t e r n a l  s t a n d a r d .  The nm r s p e c t r a  
w i th  d o u b le  i r r a d i a t i o n  w e re  o b ta in e d  on  J o e l c o  MH 100 
(1 0 0  MHz) s p e c t r o m e te r .  C h e m ic a l s h i f t  v a lu e s  a r e  
r e p o r t e d  i n  'T u n i t s  r e l a t i v e  t o  TMS. The a u th o r  i s  
a l s o  i n d e b te d  to  th e  C h e m is t ry  D ep artm en t a t  t h e  U n iv ­
e r s i t y  o f  R o c h e s te r ,  R o c h e s t e r ,  New Y o rk , f o r  t h e  m ass 
s p e c t r a .
The e s s e n t i a l  c h e m ic a ls  u se d  a r e  l i s t e d  b e lo w  
w i th  a  b r i e f  d e s c r i p t i o n  o f  i t s  p u r i t y .
A c e t ic  a c id  (B ak er-A d am so n , g l a c i a l )  w as u s e d  
a s  r e c e i v e d .  I t  was o b s e r v e d  t o  be  p u re  b y  v p c .
A c e t ic  a n h y d r id e  (M a th e so n , Colem an a n d  B e l l ,  
p r a c t i c a l )  was u se d  a s  r e c e i v e d .
A c e to n e  ( J .  T . B a k e r ,  r e a g e n t )  was u s e d  a s  
r e c e i v e d .  I t  was v pc  p u r e .
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B rom ine  (M erck  and  C o. and  M a l l in c k r o d t  Chem­
i c a l  W orks, a n a l y t i c a l  r e a g e n t  g ra d e )  w as u s e d  a s  
r e c e i v e d .
B rom oform  (M a th e so n , Colem an and  B e l l )  was 
d i s t i l l e d  ( c o l o r l e s s  f r a c t i o n  1 4 4 -1 4 5 ° )  b e f o r e  u s e .
N -B ro m o su c c in im id e  (NBS) (A ra p ah o e  C h e m ic a ls , 
I n c . ,  mp 1 7 9 -1 8 0 ° )  was u s e d  w i th o u t  p u r i f i c a t i o n .
c i s  and  t r a n s -2 -B u te n e  (M a th e so n , Colem an and 
B e l l )  was u s e d  a s  r e c e i v e d .
C arb o n  t e t r a c h l o r i d e  (E astm an  O rg a n ic  C h e m ic a ls , 
s p e c t r o p h o to m e t r i c  g ra d e )  was u se d  a s  r e c e i v e d .
C y c lo h e x a n e  ( J .  T . B a k e r ,  a n a ly z e d )  was r e ­
d i s t i l l e d  (b p  8 1 . 5° ) .
C y c lo o c te n e  ( A ld r ic h )  was d i s t i l l e d  (b p  1 4 3 - 
1 4 5 °)  b e f o r e  u s e #
1 ,2 -D ib ro m o e th a n e  (E astm an  C h e m ic a l , w h i te  
l a b e l )  w as u s e d  a s  r e c e i v e d .
B i e t h y l  e t h e r  (M erck , a n h y d ro u s  e t h e r )  was 
g e n e r a l l y  u s e d  a s  r e c e i v e d .  H ow ever, when u s e d  a s  
a  s o l v e n t  i n  r e a c t i o n s  i t  was d i s t i l l e d  fro m  l i t h i u m  
a lu m in iu m  h y d r id e  o r  c a lc iu m  h y d r id e  and  s t o r e d  o v e r  
D ri-N a  ( J .  T . B a k e r ,  s o d iu m - le a d  a l l o y ) .
L ith iu m  (F o o te  M in e ra l  C o ., h ig h  p u r i t y ,  c o v e re d  
w i th  p e t r o la tu m )  was u s e d  so o n  a f t e r  t h e  p e t r o l a tu m  was
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w ashed  o f f  w i th  d i e t h y l  e t h e r .  T r a n s f e r r i n g  and  s u b s e ­
q u e n t  r e a c t i o n  was g e n e r a l l y  c a r r i e d  o u t  u n d e r  d ry  
n i t r o g e n  g a s .
M e th a n o l ( J .  T . B a k e r ,  l a b o r a t o r y  g ra d e )  w as 
p u r i f i e d  b y  th e  p r o c e d u r e  o f  F e i s e r 1 ^ (b p  6 6 ° ) .
M e th y l i o d id e  ( F i s c h e r ,  c e r t i f i e d  r e a g e n t  g r a d e )  
was u s e d  d i r e c t l y .  The c h e m ic a l  was o n ly  s l i g h t l y  d i s ­
c o lo r e d .
T he m e t h y l l i t h iu m  u s e d  f o r  t h e  s y n th e s e s  o f  th e  
v a r i o u s  a l l e n e s  was i n i t i a l l y  p r e p a r e d  b y  t h e  m ethod  o f  
G ilm a n , e t . a l . 1^ ,  h o w e v e r , i n  s u b s e q u e n t  s y n t h e s e s ,  
m e t h y l l i t h iu m  s u p p l i e d  a s  a n  e t h e r e a l  s o l u t i o n  b y  F o o te  
M in e ra l  C o . w as u s e d  a s  s u p p l i e d .  U nused  m e th y l l i th iu m  
s o l u t i o n ,  a f t e r  t h e  f a c t o r y  s e a l  w as b ro k e n ,w a s  s t o r e d  
u n d e r  d r y  n i t r o g e n  i n  t h e  r e f r i g e r a t o r .
P e n ta n e  (E astm an  C h e m ic a l, o leum  an d  p e rm a n g a n a te  
w a sh e d , p r a c t i c a l )  w as u s e d  a s  r e c e iv e d  a s  t h e  s o l v e n t  
f o r  c a r r y i n g  o u t  r e a c t i o n s .  The p e n ta n e  u s e d  i n  t h e  
f i r s t  few  r e a c t i o n s  was p r e p a r e d  b y  th e  p ro c e d u r e  o f  
M illa m 22* (b p  4 0 - 5 0 ° ) .
P e t ro le u m  e t h e r  ( J .  T . B a k e r , r e a g e n t )  was u s e d  
a s  r e c e i v e d ,  I t  i s  s t o r e d  o v e r  a  d r y in g  a g e n t  s u c h  a s  
D r i-N a .
P o ta s s iu m  jfc -b u to x id e  (K and  K L a b o r a t o r i e s )  was 
u s e d  a s  r e c e i v e d .  I t  w as a lw ay s  d i s p e n s e d ,  u se d  an d  s t o r e d  
u n d e r  d r y  n i t r o g e n .
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T e t r a h y d r o f u r a n  ( J .  T . B a k e r ,  a n a ly z e d  r e a g e n t )  
w as t r e a t e d  w i t h  p o ta s s iu m  h y d ro x id e  and  r e d i s t i l l e d  
fro m  so d iu m  m e ta l  (b p  6 5 . 5° )  •
Many o f  t h e  r e a c t i o n s  p ro d u c e  s e v e r a l  p r o d u c ts  
a n d  i n  a l l  c a s e s  t h e  p ro d u c t  r a t i o s  a r e  d e te rm in e d  b y  
g a s  c h ro m a to g ra p h y  ( v p c ) .  M ost o f  t h e  compounds 
c o r r e s p o n d in g  t o  t h e  p e a k s  o f  t h e  c h ro m a to g ra m s h av e  
b e e n ,  a t  l e a s t  p a r t i a l l y ,  d e te r m in e d .  I n  m ost c a s e s  
w h ere  a v a r i e t y  o f  p r o d u c ts  r e s u l t e d  fro m  a  r e a c t i o n ,  
n o  a t t e m p t  h a s  b e e n  made to  o b t a i n  y i e l d  d a t a .
The p r o d u c t  r a t i o s  a r e  p r e s e n t e d  a s  p e r c e n ta g e s  
an d  a r e  c a l c u l a t e d  from  th e  i n t e g r a t i o n  p a t t e r n s  o b ­
t a i n e d  w i th  t h e  u s e  o f  t h e  D isc  i n t e g r a t o r  f i t t e d  t o  
t h e  L ee d s  N o r th ro p  Speedmax W r e c o r d e r  t h a t  i s  a t t a c h e d  
t o  t h e  c h ro m a to g ra p h . The r a t i o s  a r e  u n c o r r e c te d  f o r  
d i f f e r e n c e s  i n  th e rm a l  r e s p o n s e  a n d  a r e  g e n e r a l l y  o f  
t h e  c ru d e  r e a c t i o n  m ix tu re  so o n  a f t e r  t h e  r e a c t i o n  h a s  
b e e n  q u e n c h e d , w a sh e d , e x t r a c t e d  a n d  d r i e d ,  and some­
t im e s  c o n c e n t r a t e d .
The p h y s i c a l  p r o p e r t i e s ,  s p e c t r a l  and o t h e r  
d a t a  a r e  p r e s e n t e d ,  b a s i c a l l y ,  i n  t h e  fo rm  recom m ended 
f o r  a u th o r s  b y  t h e  e d i t o r s  o f  t h e  J o u r n a l  o f  O rg a n ic  
C h e m i s t r y . ^
9 ,9 -D ib ro m o b lc y c lo  ( 6 .1 .0 )  n o n a n e . The 9 ? 9 -  
d ib r o m o b ic y c lo  ( 6 .1 .0 )  n o n an e  was p r e p a r e d  b y  th e  m eth o d  
o f  von  D o e r in g  and  H o ffm a n ^  and a d a p te d  fro m  th e  d e s -
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24c r i p t i o n  o f  t h e  above m e th o d  b y  M illam
The vpc  (5  f t . - c o l .  1 8 5 ° , He 200 m l/m in ,  6  m in) 
a f t e r  vacuum  d i s t i l l a t i o n  show ed t h a t  t h e  p r o d u c t  was 
o v e r  99#  p u r e :  bp 90°  (0 .6 m m ); n 2 ^D 1 .5 5 1 9  ( l i t . 35
bp 8 0 -8 2 °  (0 .1m m ); n 20D 1 .5 5 2 0 ) ;  i r  ( IR -1 )  2 9 5 0 , 2900 
(C-H) ( l i t . 2^  i d e n t i c a l ) .
1 .  l -D ib ro m o -2 , 3 - d im e th y lc y c lo p r o p a n e . The 
e x p e r im e n ta l  p ro c e d u re  was s i m i l a r  t o  t h a t  u s e d  i n  
t h e  p r e p a r a t i o n  o f  9 > 9 -d ib ro m o b ic y c lo  ( 6 . 1 . 0 )  n o n a n e .
To a  1 -1 . t h r e e - n e c k  ro u n d -b o tto m  f l a s k  w as 
f i t t e d  a  m e c h a n ic a l  s t i r r e r ,  a n d  a  d ry  i c e  c o n d e n s o r  
f i l l e d  w i th  a  m e th a n o l-d ry  i c e  m ix tu re  ( - 3 0 ° ) .  P o ta s s iu m  
j t - b u t o x i d e  (lO O g, 0 .8 9 5  m o l) an d  350 ml o f  d r y  p e n ta n e  
w ere  s t i r r e d  t o  a s l u r r y  a t  0 ° .  By m eans o f  a  tu b e  
i n s e r t e d  th ro u g h  th e  t h i r d  n e c k  o f  th e  f l a s k  4 0 .0 g  
(0 .7 1 4  m o l) o f  2 -b u te n e  was a d d ed  s lo w ly  t o  t h e  s l u r r y ,  
m ak in g  s u r e  t h e  end o f  t h e  t u b e  was a t  a l l  t im e s  b e lo w  
th e  s u r f a c e  o f  th e  s t i r r i n g  r e a c t i o n  m ix tu r e .  The w e ig h t  
o f  t h e  2 - b u te n e  gas was d e te r m in e d  by m o n i to r in g  th e  
w e ig h t  o f  t h e  l e c t u r e  f l a s k  t h a t  c o n ta in e d  t h e  g a s  
w h i le  t h e  a d d i t i o n  was b e in g  m ade. To f a c i l i t a t e  t h e  
p r o p e r  t r a n s p o r t a t i o n  o f  t h e  o f t e n  co n d en se d  2 - b u te n e  
g a s ,  a  f lo w  o f  d ry  n i t r o g e n  g a s  w as added  t o  t h e  2 -  
b u te n e  g a s  f lo w  by m eans o f  a  T - tu b e .  The e n t i r e  r e a c ­
t i o n  w as c a r r i e d  o u t  u n d e r  d r y  n i t r o g e n  a tm o s p h e re .
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A f t e r  t h e  2 -b u te n e  w as a d d e d  156  g (0 .6 0 0  m o l) 
o f  b ro m o fo rm  d i s s o l v e d  i n  100 m l o f  p e n ta n e  w as a d d ed  
d ro p w ise  o v e r  a  p e r io d  o f  9 h r  a t  0 ° .  The r e a c t i o n  
m ix tu r e  w as s t i r r e d  f o r  an  a d d i t i o n a l  12 h r  a t  0 ° ,  
a f t e r  w h ic h  i t  w as w ashed w i th  500  m l o f  w a te r .  The 
r e a c t i o n  f l a s k  w as w ashed w i th  500  m l o f  w a te r  and  
500 m l o f  lo w  b o i l i n g  p e tr o le u m  e t h e r .  The com bined  
o r g a n ic  s o l u t i o n s  w ere  w ashed  w i th  w a te r  u n t i l  n e u t r a l  
and  d r i e d  (M gSO^). The p e n ta n e  and  p e tro le u m  e t h e r  
was rem oved  b y  f l a s h  d i s t i l l a t i o n .  A f t e r  two f r a c ­
t i o n a l  d i s t i l l a t i o n s ,  u s in g  a  v i g r e a u x  co lum n, 8 9 .4  g  
( 6 5 . 5#) o f  t h e  p r o d u c t  was o b t a i n e d .  The vpc ( 5  f t . -  
c o l  1 5 5 °  5 He 9 m l/m in ) p e a k  a t  6  m in  w as o v e r  97#  o f  
t h e  t o t a l  p e a k  a r e a :  bp 5 9 - 61°  (24m m); n ^ '^ D  1 ,5 1 0 5 ;
i r  ( I R - 2 )  2 9 0 0 , 2860 (C -H ).
A n a l ,  c a l c d  f o r  C ^ B r ^  C , 2 6 . 36 ; H , 3 .5 4 ;
B r ,  7 0 .1 9 .  P ound  C, 2 6 .4 1 ;  H, 3 .6 7 ;  B r ,  7 0 .1 9 .
1 ,2 -C y c lo n o n a d ie n e  ( 1 ) . The 1 ,2 - c y c lo n o n a d ie n e
25was p r e p a r e d  b y  t h e  m ethod o f  M oore a n d  Ward '  a s  d e s ­
c r i b e d  b y  M il la m .
T he 1 ,2 - c y c lo n o n a d ie n e  p r e p a r e d  a s  d e s c r ib e d  
fro m  th e  r e a c t i o n  o f  m e th y l l i t h i u m  w i th  9 * 9 -d ib ro m o - 
b i c y c l o ( 6 . 1 . 0 ) n o n a n e  was 99#  p u r e  b y  v p c  a n a l y s i s  (5  f t . -  
c o l  2 1 0 ° ,  He 7 m l/m in ) :  bp 4 5 °  (3mm); n 23 D 1 ,5 0 4 6 ;
( l i t .  bp 58 °  (6mm); n 22 D 1 . 5 0 6 1 ) ;  i r  ( IR -3 )  i 960  ( C=C=C ) 
( l i t . 40 i d e n t i c a l ) .
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1 ,3 - D im e th y la l l e n e  ( 1 5 ) . The e x p e r im e n ta l  
p r o c e d u r e  f o r  th e  s y n t h e s i s  o f  t h e  a l l e n e  was t h e  sam e 
a s  t h a t  u s e d  f o r  t h e  s y n t h e s i s  o f  1 ,2 - c y c lo n o n a d ie n e ,  
w i t h  a  fe w  m in o r  a d a p t a t i o n s .
V a p o r p h a se  c h ro m a to g ra p h y  u s in g  a  5 f t .  x  £  i n .  
a lum inum  colum n p a c k e d  w i th  10$  S E -30  on h e x a m e th y ld i s i l a n e  
t r e a t e d  8 0 /1 0 0  mesh c h ro m o so rb  P ( J o h n s  M a n v i l l e ) ,  show ed 
t h a t  p e t r o l e u m  e t h e r ,  t h e  s o l v e n t  t h a t  i s  u s e d  f o r  e x ­
t r a c t i o n  a n d  w a sh in g  p u r p o s e s  i n  t h e  s y n t h e s i s  o f  
i s  c o m p le te ly  u n s a t i s f a c t o r y  f o r  v p c  a n a l y s i s .  T he 
a l l e n e  a p p e a r s  a s  one o f  t h e  p e a k s  among th e  s e v e r a l  
p e a k s  c o r r e s p o n d in g  t o  t h e  s e v e r a l  com poenent com pounds 
o f  p e t r o l e u m  e t h e r .  The c o lu m n , t r e a t e d  w i th  10$  c a r b o -  
wax t h a t  i s  g e n e r a l l y  u s e d ,  was u n a b le  t o  s e p a r a t e  t h e  
c o m p o n e n ts  o f  p e tro le u m  e t h e r ,  much l e s s  t h e  a l l e n e  fro m  
th e  p e t r o le u m  e t h e r .
A f a i r l y  good y i e l d  o f  a l l e n e  was o b ta in e d  
u s i n g  a n h y d ro u s  d i e t h y l  e t h e r  th r o u g h o u t  t h e  s y n t h e t i c  
p r o c e d u r e ,  b o th  a s  a  r e a c t i o n  s o l v e n t  and  f o r  e x t r a c t i o n .  
The e t h e r  w as d i s t i l l e d  o f f  u s i n g  a  3 f t .  s p in n in g  b an d  
colum n ( N e s t e r  F a u s t )  an d  t h e  a l l e n e ,  upon  s im p le  
d i s t i l l a t i o n  o f  th e  c o n c e n t r a t e d  p r o d u c t ,  was o b t a i n e d  
i n  t h r e e  f r a c t i o n s  o f  v a r y i n g  d e g re e s  o f  p u r i t y ,  t h e  
o n ly  c o n ta m in a n t  b e in g  d i e t h y l  e t h e r .  The t h i r d  f r a c ­
t i o n  w as g r e a t e r  th a n  98$  p u r e ,  d e te rm in e d  b y  v p c  a n a ­
l y s i s  ( t h e  ab o v e  SE -30 co lum n  2 5 °  ( r t ) ,  He 100 m l/m in ,
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3 - 5  m in ) . The p h y s i c a l  p r o p e r t i e s  w ere  o b s e rv e d  w i th  
r e s p e c t  t o  t h i s  th e  t h i r d  an d  m o s t p u re  f r a c t i o n :  
bp  48 °5  n 2 5  D 1 .4 1 9 1 ; i r  ( I R - 4 )  1970 ( C=C=C ) .
T he b ro m in a t io n  o f  1 ,2 - c y c lo n o n a d ie n e  i n  c a rb o n  
t e t r a c h l o r i d e . To a  s t i r r e d  s o l u t i o n  o f  6 .3 4  g ( 0 .0 5 2  m ol) 
o f  1 , 2 - c y c lo n o n a d ie n e  { 1 ) i n  2 5  m l o f  c a rb o n  t e t r a c h l o r i d e ,  
u n d e r  d r y  n i t r o g e n  a t  - 20°  a  s o l u t i o n  o f  9 .0  g  ( 0 .0 5 6  m ol) 
o f  b ro m in e  i n  30  ml o f  c a rb o n  t e t r a c h l o r i d e  was a d d ed  
d ro p w is e  o v e r  a  p e r io d  o f  a b o u t  0 .5  h r*  The a d d i t i o n  
was s to p p e d  a s  soon  a s  t h e  b ro w n  c o lo r  o f  th e  b ro m in e  
p e r s i s t e d .  The r e a c t i o n  m ix tu r e  was a llo w e d  t o  s t i r  
u n d e r  t h e  above  c o n d i t io n s  f o r  an  a d d i t i o n a l  f i v e  m in u te s .  
2 -B u te n e  g a s  was b u b b le d  th r o u g h  t o  rem ove e x c e s s  b r o ­
m in e . The r e a c t i o n  m ix tu r e  w as th e n  w ashed  w i th  w a te r  
(4  x  25 m l) and  d r ie d  (MgSO^) and  c o n c e n t r a te d  b y  
f l a s h  d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e  ( w a te r  a s p i r a ­
t o r )  . A s i n g l e  d i s t i l l a t i o n  p r o d u c t  was o b ta in e d  by  
f r a c t i o n a l  d i s t i l l a t i o n  th r o u g h  a  s m a ll  v ig r e a u x  
co lu m n . Vpc w i th  a  f r e s h  co lum n  (V PC -1, 5 f t . - c o l .  
l 6 o ° ,  i n j . 2 0 0 ° , d e t .  2 3 0 ° ,  H e - f lo w  300 m l/m in ) o f  
a n  a p p r o x im a te ly  10# (V/V) o f  t h e  above d ib ro m id e  
p r o d u c t  i n  p e n ta n e  a n a ly z e d  a t  t h e  maximum a t t e n u a t i o n  
p r o v id e d  o n  th e  c h ro m a to g ra p h  y i e l d e d  t h e  f o l lo w in g  
r e s u l t s :  t h e  l a r g e  s o l v e n t  p e a k  w as fo l lo w e d  b y  a  s e t
o f  t h r e e  s m a l l  p e a k s  i n  t h e  r a t i o s  o f  1 : 3 s 8  a p p e a r in g  
a t  1 .3 *  1*6  and  2 .0  m in r e s p e c t i v e l y .  T h ese  p e a k s
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c o r r e s p o n d e d  t o  p eak s  r e p r e s e n t i n g  (4 )  and t o g e t h e r
a c c o u n t  f o r  14# o f  th e  t o t a l  p e a k  a r e a .  The tw o l a r g e
p e a k s  i d e n t i f i e d  a s  d ib ro m o c y c lo n o n e n e s  by  vpc a n a l y s i s
oh.
w i t h  an  a u t h e n t i c  sam ple  p r e p a r e d  b y  M illam , a p p e a re d  
i n  t h e  r a t i o  35*65  a t  r e t e n t i o n  t im e s ,  1 1 .9  and 13*3  m in  
r e s p e c t i v e l y .  The two p e a k s  t o g e t h e r ,  c o m p rise d  78#  
o f  t h e  t o t a l  p e a k  a r e a .
T he f i r s t  one c o r r e s p o n d s  t o  e l s  2 ,3 -d ib ro m o -  
c y c lo n o n e n e  (9 )  and th e  s e c o n d  t o  1 ,4 -d ib ro m o c y c lo n o -  
n e n e  ( 1 0 ) .  The u n i d e n t i f i e d  p r o d u c t s  (8 # ) a p p e a re d  i n  
e q u a l  a m o u n ts  a t  9»2 and  1 4 .7  m in . A few  p h y s i c a l  
p r o p e r t i e s  o b ta in e d  on t h e  d ib ro m o c y c lo n o n e n e  m ix tu r e  
co m p ared  f a v o r a b l y  to  t h o s e  o b t a i n e d  on a  s i m i l a r  m ix ­
t u r e  b y  M illa m : bp 85° (0 .2 m m ); n 2 ® D 1 .5 6 0 5  ( l i t . ^ °
bp  8 4 °  (0 .2 m m ); n 23 D 1 . 5 6 7 1 )5  u v  m ax (9 5 #  EtOH) 210  mu 
( €. a p p r .  7 0 0 0 ) ;  i t s  i r  ( I R - 5 )  s p e c tru m  i s  i d e n t i c a l  t o  
t h a t  o b t a i n e d  b y  M illam .
T h e  b ro m in a t io n  o f  1 , 3 - d lm e th y la l l e n e  (1 5 ) i n  c a rb o n  
t e t r a c h l o r i d e .  The p r o c e d u r e  fo l lo w e d  was s i m i l a r  t o  
t h a t  u s e d  f o r  th e  b ro m in a t io n  o f  1 ,2 - c y c lo n o n a d ie n e  ( 1 ) .
To a  s t i r r e d  s o l u t i o n  o f  1 .0 9  g (0 .0 1 6  m ol) o f  
15  i n  10 m l o f  c a rb o n  t e t r a c h l o r i d e ,  a  s o l u t i o n  o f  
0 .7 7  m l ( 0 .0 1 5  m ol) o f  b ro m in e  i n  10  ml o f  c a rb o n  t e t r a ­
c h l o r i d e  w as ad d ed  d ro p w ise  o v e r  a  p e r io d  o f  2 0 -3 0  m in .
The r e a c t i o n  m ix tu re  was s t i r r e d  f o r  an a d d i t i o n a l  5  m in .
The r e a c t i o n  m ix tu re  was h o n e y  c o lo r e d ,  and  th e  c o l o r
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d id  n o t  d i s a p p e a r  upon  s e v e r a l  w a sh in g s  w i th  d e io n iz e d  
w a t e r .  T ow ards th e  end  o f  t h e  w a sh in g  t h e  c o l o r  tu r n e d  
p i n k  a n d  p e r s i s t e d .  The p i n k  c o l o r  was a s c r i b e d  t o  
f r e e  i o d i n e .  The s o u rc e  o f  t h e  i o d in e  i m p u r i ty  w as 
n o t  c o n c l u s i v e l y  d e te r m in e d ,  h o w ev er, i t  i s  s u g g e s te d  
t h a t  i t  was in t r o d u c e d  d u r in g  t h e  w a sh in g s  an d  a d m i t te d  
a s  i o d i d e  an d  o x id iz e d  b y  t h e  f r e e  b ro m in e  p r e s e n t .
The c o l o r  was rem oved b y  t i t r a t i n g  w ith  a  d i l u t e  s o l ­
u t i o n  o f  sod ium  t h i o s u l f a t e .  A f t e r  s e v e r a l  m ore w ash ­
i n g s  t h e  c l e a r ,  c o l o r l e s s  s o l u t i o n  was d r i e d  (MgSO^) 
and  a n a ly z e d  b y  vpc (5  f t . - c o l  1 4 5 ° , H e -f lo w  75 m l/m in , 
5 m in ) . One com ponen t, t r a n s - 3 ,4 - d i b r o m o - 2 - p e n t e n e
( l 6 ) ,  o t h e r  th a n  th e  s o l v e n t  was o b s e rv e d :  b p  4 6 °
oil
(0 .3 m m ); n ^  D 1 .5 3 0 4 ; i r  ( I R - 6 )  3020 (= C H -); nm r 
(NMR-1, C Cl^) T  3 -8 6  ( q r t ,  1 ,  J  = 6 .5  H z, C=CH),
5 .2 6  ( q r t ,  1 ,  J  = 6 .5  H z, CHBr-CBr=C), 8 .1 8  ( d ,  3 ,  J  
= 6 .5  H z , CH3 -CH=C), 8 .2 2  ( d ,  3 ,  J  = 6 .5  H z, CH3 -  
CHBr) ( l i t . 39 r  3 .7 8 ,  5 .2 1 ,  8 .1 6 ,  8 .2 0 ,  r e s p e c t i v e l y ) .  
C a r e f u l  o b s e rv a n c e  o f  th e  nm r sp e c tru m  (NMR-1) i n d i ­
c a t e s  t h e  p r e s e n c e  o f  t h e  c i s - i s o m e r .  A p p ly in g  t h e  
c h e m ic a l  s h i f t  v a lu e s  g iv e n  b y  C a s e r io  an d  c o w o rk e rs 39 
t o  t h e  a d d i t i o n a l  p e a k s  o f  t h e  m e th in e  and  v i n y l  
p r o t o n s  and  t h e  s h o u ld e r in g  o f  t h e  m e th y l p r o to n s  
w ou ld  i n d i c a t e  t h a t  t h e r e  i s  a  s m a ll  am ount o f  c i s -
3 ,4 - d ib r o m o - 2 - p e n te n e .
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The r e a c t i o n  o f  1 ,2 - c y c lo n o n a d ie n e  (1 )  w i th  
N -b ro m o su c c in lm id e  i n  m e th a n o l . The e x p e r im e n ta l  p r o ­
c e d u r e  f o r  t h e  r e a c t i o n  o f  1 ,2 - c y c lo n o n a d ie n e  (1 )  w i t h
N -b ro m o su c c in im id e  was a d a p te d  fro m  a  r e a c t i o n  d e s c r i b e d
4 lb y  W in s te in  and  H e n d e rso n .
To a  m a g n e t i c a l ly  s t i r r e d  s o l u t i o n  o f  1 4 .8  g  
( 0 .1 2 1  m o l) o f  1 in  50  ml o f  a n h y d ro u s  m e th a n o l a t  
0 ° ,  2 0 .6  g  (0 .1 1 6  m ol) o f  N -b ro m o su c c in im id e  (NBS) 
was a d d e d  i n  s m a ll  am ounts t h r o u g h  a  pow der f u n n e l ,  
th r o u g h  a  c l a i s e n  h ead  c o n n e c te d  t o  t h e  250 m l ro u n d  
b o tto m  r e a c t i o n  f l a s k .  A w a t e r - c o o l e d  r e f l u x  c o n d e n s e r  
was f i t t e d  t o  t h e  arm o f  t h e  c l a i s e n  h e a d , and  t h e  
s y s te m  w as f lo o d e d  w i th  d ry  n i t r o g e n  in t r o d u c e d  th r o u g h  
th e  o p e n  end  o f  th e  c o n d e n s o r .  The r e a c t i o n  was imme­
d i a t e  a n d  e x o th e rm ic .  The r e a c t i o n  m ix tu re  w as a l lo w e d  
t o  s t i r  f o r  4  h r  ( o t h e r  t im e s  t h e  r e a c t i o n  m ix tu r e  
h a s  b e e n  a llo w e d  to  s t i r  o v e r n i g h t ) .  U n d is s o lv e d  
s u c c in im id e  c r y s t a l s  c o u ld  b e  f i l t e r e d  from  t h e  r e a c t i o n  
m i x t u r e ,  b u t  due t o  i t s  l a c k  o f  s o l u b i l i t y  i n  e t h e r  i t  
was g e n e r a l l y  l e f t  i n  d u r in g  t h e  s u b s e q u e n t  w o rk -u p .
200 m l o f  i c e  w a te r  and  50 m l o f  e t h e r  w ere a d d ed  t o  t h e
r e a c t i o n  v e s s e l  and t h e  e t h e r  f r a c t i o n  rem oved . The
a q u e o u s  s o l u t i o n  was e x t r a c t e d  (3  x  50 m l) w i th  e t h e r .
The co m b in ed  e t h e r  s o l u t i o n  w as w ashed  (4  x  50 m l) w i th  
w a te r  a n d  d r i e d  (KgCO^). The v p c  a n a l y s i s  (V PC -2, 5 f t . -
c o l  1 6 5 ° ,  i n j  2 2 5 ° , d e t  2 8 0 ° ,  H e - f lo w  29 m l/m in ) o f  t h e
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c ru d e  c o n c e n t r a t e d  p r o d u c t  p ro d u c e d  th e  f o l lo w in g  r e ­
s u l t s :  t h e  s o lv e n t  and  u n r e a c t e d  a l l e n e  p e a k s  a p p e a r e d
a t  0 - 1 . 7  m in . A g ro u p  o f  p e a k s  w ere  o b s e rv e d  a t  2 . 5 -  
5 .5  m in . T h is  g ro u p  was d o m in a te d  b y  tw o m a jo r  p e a k s  
a t  2 .9  an d  3 .6  m in i n  t h e  r a t i o  o f  4 0 :6 o .  T h e re  a r e  
o t h e r  m in o r  p e a k s  e v i d e n t ,  o ne  o f  th e s e  i s  a t  4 . 7  m in .
The co m b in ed  p e a k s  fro m  2 . 5 - 5 . 5  m in  c o m p rise  30#  o f  
t h e  t o t a l  p r o d u c t  p e a k  a r e a s .  The o t h e r  70#  o f  t h e  
p r o d u c t  i s  made up  o f  tw o p e a k s  a t  1 1 .4  and  1 3 .2  m in  
i n  t h e  r a t i o  o f  4 0 :6 0  r e s p e c t i v e l y .  S t a r t i n g  a t  2 0 .5  
m in  t h e  ch rom atog ram  i n d i c a t e d  th e  p r e s e n c e  o f  a  s e r i e s  
o f ,  p o s s i b l y ,  h i g h b o i l i n g  p r o d u c t s  su c h  a s  d ib ro m o c y -  
c lo n o n e n e s .  The t o t a l  a r e a  o r  t h e  i d e n t i t y  o f  t h e s e
p r o d u c t s  was n o t  d e te r m in e d ,  c o n s e q u e n t ly  t h e y  w e re
l a r g e l y  ig n o r e d .
No r e a c t i o n  n o r  s i g n i f i c a n t  ch an g e  i n  p r o d u c t  
r a t i o  w as o b s e rv e d  upon  t r e a t i n g  a  p r o d u c t  m ix tu r e  w i th  
b o th  d i l u t e  and  c o n c e n t r a t e d  HC1.
The com bined 2 . 5 - 5 . 5  m in  p r o d u c ts  4  w ere  o b ta in e d  
b y  p r e p a r a t i v e  v p c : n 22  D 1 .5 3 7 0 ;  u v  max (9 5 #  EtOH)
vpc  2 .9  m in , 210  mp. ( £ 8 0 0 0 ) ,  v p c  3 .6  m in  210  mu
( 6  7 0 0 0 ) ;  i r  ( IR 7 a ,b )  3000  (= C H -), 1700 , 1600 (C = C ); 
v p c  2 . 5 - 5 .5  m in m ix tu r e  (NMR-2 ) ,  vpc 2 .9  m in (NM R-3);
A n a l , c a l c d .  f o r  C ^ H ^ B r :  C, 5 3 .^ 5 ;  H , 6 .4 7 ;
B r ,  7 9 .9 1 .  Pound: C, 5 3 * 8 7 , 5 3 .8 3 ;  H, 6 . 6 6 ,  6 . 5 8 ;
B r ,  ( 3 9 . 4 7 ) ,  3 9 .7 3 .
The 1 1 .4  m in vpc  f r a c t i o n  2 was o b ta in e d  b y
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26p r e p a r a t i v e  v p c :  n  D 1 .5 1 5 9 5  u v  max (9 5 $  EtOH) 208
W  ( e  7 0 0 0 ) ;  i r  (IR -8 ) 1640  (C = C ), 1200 (C -O -C ); nm r 
(NMR-4, CDC13 ) T ' 3 .6 9  ( t ,  1 ,  J  = 8 .5  H z, -C H =C B r-),
5 .5 8  (m , 1 ,  -CH-0CH3 ) ,  6 .7 2  ( s ,  3 ,  C-0CH3 ) ,  7 . 5 - 8 . 0  
(m , 2 ,  *-0112- 0 =0 ) ,  8 . 0 - 9 .0  (m , 1 0 ,  -(CH 2 ) 5" )*  m ass s p e c ­
tru m  (M S -1 , 75eV) m /e ( r e l  i n t e n s i t y )  2 3 5 ( 5 ) ,  2 3 4 ( 3 5 ) ,
2 3 3 ( 5 ) ,  2 3 2 ( 3 8 ) ,  2 02 ( 6 ) ,  2 0 0 ( 5 ) ,  1 7 7 ( 3 6 ) ,  1 7 5 ( 3 9 ) ,  1 6 4 ( 5 1 ) ,  
1 6 2 ( 5 1 ) ,  1 5 3 ( 5 6 ) ,  1 4 9 (3 0 ) ,  1 2 1 ( 8 7 ) ,  9 6 ( 7 4 ) ,  9 3 ( 3 3 ) ,
7 9 ( 4 4 ) ,  7 1 ( 1 0 0 ) ,  6 7 ( 3 3 ) ,  4 1 ( 3 6 ) ,  2 8 ( 4 5 ) .
A n a l , c a l c d .  f o r  C ^ H ^ ^ E rO : C, 5 1 .5 2 ;  H 7 .3 5 5
B r ,  3 4 .2 7 5  0 6 . 8 6 . Pound : C , 5 1 -3 9 ;  H, 7 .1 5 5  B r ,
3 4 .2 9 ;  0 ,  6 . 8 9 .
T he  1 3 .2  m in  vpc f r a c t i o n  3 was o b ta in e d  b y  
p r e p a r a t i v e  v p c : vpc a n a ly s e s  w i th  a  10  f t .  co lum n
a t  150 °  p ro d u c e d  a  s h o u ld e r  on  t h i s  p e a k  i n d i c a t i n g
t h e  p r e s e n c e  o f  an  a d d i t i o n a l  com pound, p o s s i b l y  a  g e o -
26m e t r i c a l  i s o m e r  o f  ( 9 ) :  n  D 1 . 5 1 8 5 ; u v  max ( 95$
E OH) 208  mp ( £  7 0 0 0 ) ; i r  ( I R - 9 )  1650  (C =C ), 1200 
(C -O -C ); nm r (NMR-5, CCl^) Y  4 .0 8  ( t ,  1 , J  = 9 .0  H z , 
-C B r= C H -),  6 .7 7  (m , 4 ,  -CH-0CH3 ) , c e n t e r e d  a ro u n d  7 .4  
(m , 2 ,  (=CBr-CH2 - ) ,  7 .6 8  ( d d ,  2 ,  J  = 6 .0  and  9 .0  H z , 
-0-CH-CH2 -CH=C),  8 . 0 - 9 .0  (m , 8 ,  -(C H 2 ) ^ - ) ;  m ass s p e c ­
t ru m  (M S -2 , 75  eV) m / e ( r e l  i n t e n s i t y )  2 3 4 ( 2 ) ,  2 3 2 (2 )
( P ,  C10H 17B rO ), 2 1 4 ( 1 ) ,  2 1 2 ( 2 ) ,  2 1 0 ( 1 ) ,  1 5 3 ( 9 6 ) ,  1 2 1 ( 9 8 ) ,  
7 9 ( 4 2 ) ,  7 1 ( 1 0 0 ) ,  6 7 ( 3 8 ) ,  2 8 ( 1 7 4 ) .
A n a l , c a l c d .  f o r  C ^ H ^ ^B rO : C, 5 1 .5 2 ;  H , 7 .3 5 ;
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B r ,  3 4 .2 7 ;  0 ,  6 .8 6 .  Pound: C , 5 1 .^ 3 ;  H , 7 .1 6 ;  B r ,
3 4 .3 6 5  0 ,  6 . 7 6 .
F u r t h e r  e v id e n c e  f o r  t h e  s t r u c t u r e  was o b t a i n e d  
b y  d o u b le  i r r a d i a t i o n  o f  t h e  n m r. D o u b le  i r r a d i a t i o n  
a t  T  7 .6 8  c a u s e d  t h e  t r i p l e t  a t  T ' 4 .0 8  t o  c o l l a p s e  t o  
a  s i n g l e t ,  c o n v e r s e l y ,  i r r a d i a t i o n  a t  1 ^ 4 .0 8  c o l l a p s e d  
t h e  d o u b le  d o u b le t  a t  T  7*68 t o  a  d o u b l e t .  I r r a d i a t i o n  
a t  T  6 .7 7  a l s o  c o l l a p s e d  th e  d o u b le  d o u b le t  t o  a  doub­
l e t  a t  /f / 7 .6 8 .  The change o f  m u l t i p l i c i t y  o f  t h e  m u l-  
t i p l e t  a t  'Y  6 .7 7  was n o t  o b s e r v e d  due t o  th e  o v e r l a p p in g  
o f  tw o p e a k s  a t  t h e  same r e g i o n .
T he r e a c t i o n  o f  1 ,3 - d i m e t h y l a l l e n e  (1 3 ) w i th  
N -b ro m o s u c c in im id e  i n  m e th a n o l . T he p ro c e d u r e  was 
i d e n t i c a l  t o  t h a t  em ployed i n  t h e  r e a c t i o n  o f  1 , 2 -  
c y c lo n o n a d ie n e  (1 )  w i th  NBS i n  m e th a n o l .  The v p c  a n a ­
l y s i s  (V P C -3 , 5 f t . - c o l  1 2 0 ° , H e - f lo w  4 6  m l/m in ) o f  t h e  
c o n c e n t r a t e d  p r o d u c t  y i e ld e d  t h r e e  p e a k s  a t  1 . 1 ,  2 . 3 *
3 .0  m in , w i t h  t h e  p e a k  a r e a  i n  t h e  r a t i o  o f  8 9 : 9 : 2 , 
r e s p e c t i v e l y .  The p h y s i c a l  a n d  s p e c t r a l  d a ta  p r e s e n t e d
i n c l u d e  t h e  m in o r  p r o d u c ts  a lo n g  w i th  t h e  m a jo r  p r o d u c t ,
24t r a n s - 1 7  o b t a i n e d  b y  p r e p a r a t i v e  v p c : n  D 1 .4 6 4 5 ;  i r
( IR -1 0 )  3020  (=C H ),  1670 (C =C ), 1110  ( C - 0 - ) ; nm r (NMR- 
6 ,  C C l^) r  4 .0 3  ( q r t ,  1 ,  J  = 6 .5  H z , B rC -C H ), 6 .3 2  ( q r t ,  
1 ,  J  = 6 .5  H z , CH-0CH3 ) ,  6 .8 5  ( s ,  3 ,  C-0CH3 ) ,  8 .2 3  ( d ,  3 ,  
J  = 6 .5  H z , C=C-CH3 ) ,  8 .7 6  ( d ,  3 ,  J  = 6 .5  H z, CH3 -C0CH3 ) .
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B ro m in a t io n  o f  1 ,2 - c y c lo n o n a d ie n e  (1 ) I n  m e th a n o l . 
A s o l u t i o n  o f  2.4-0 g ( 0 .0 1 5  m o l) o f  b rom ine  i n  25  m l o f  
a n h y d ro u s  m e th a n o l  was s lo w ly  a d d ed  t o  1 . 6 l  g  ( 0 .0 1 3  m ol) 
o f  1 , 2 - c y c lo n o n a d ie n e  ( 1 ) i n  50  m l an h y d ro u s  m e th a n o l .
T he r e a c t i o n  was r e l a t i v e l y  s lo w . A f t e r  2 h r  o f  s t i r r i n g  
a b o u t  200  m l o f  w a te r  was a d d e d  t o  t h e  r e a c t i o n  m ix tu r e  
a n d  e x t r a c t e d  w i th  p e n ta n e ,  d r i e d  (MgSO^) and  a n a ly z e d  
b y  vpc  (VPC- 4 ,  10 f t . - c o l  1 8 2 ° ,  i n j  2 0 5 ° , d e t  2 5 0 ° ,
H e -f lo w  r a t e  110 m l/m in ) ;  Two p e a k s  c o r r e s p o n d in g  
t o  4 a  and  4|b i n  th e  r a t i o  o f  1 : 1 -2  a t  r e t e n t i o n  t im e s
1 .9  and  2 .3  m in , m aking u p  21#  o f  th e  t o t a l  p e a k  a r e a s  
w ere  t h e  f i r s t  s e t  o f  com pounds t o  be  o b se rv e d  o t h e r  
th a n  t h e  s o l v e n t .  The n e x t  s e t  o f  p e a k s  2 and 3 i u  
t h e  r a t i o  o f  3 4 :6 6  a p p e a r in g  a t  5 .1  and  6 .2  m in , r e s ­
p e c t i v e l y ,  a c c o u n te d  f o r  53#  o f  t h e  p ro d u c t  p e a k  a r e a s .
T he  r e m a in in g  26#  o f  th e  p r o d u c t s  i s  made up o f  an  u n ­
known s e r i e s  o f  p e a k s  a t  1 3 . 1 ,  1 4 .1 ,  and  1 5 . 5 - 1 6 .0  m in  
i n  th e  r a t i o  o f  7 5 : 2 3 : 2 .
B ro m in a t io n  o f  1 , 3 - d i m e t h y l a l l e n e  (1 5 ) i n  m e th a n o l . 
To a  s o l u t i o n  o f  0 .5 0  g ( 0 .0 0 7 2  m ol) o f  l , 3 d i m e t h y l a l l e n e  
( 1 5 ) i n  30  m l o f  a n h y d ro u s  m e th a n o l ,  c h i l l e d  i n  a n  i c e  
b a t h ,  a  b ro m in e  s o l u t io n  ( 1 .0  g  i n  25 ml MeOH) w as a d d e d  
s lo w ly  u n t i l  t h e  r a p id  d e c o l o r i z a t i o n  o f  th e  b ro m in e  
s o l u t i o n  s to p p e d  and th e  h o n e y  c o l o r  o f  a  d i l u t e  b ro m in e  
s o l u t i o n  p e r s i s t e d .  A bout 200  m l o f  w a te r  was a d d e d  t o  
t h e  r e a c t i o n  m ix tu re  a f t e r  f i v e  m in  r e a c t i o n  and  e x t r a c t e d
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w i th  e t h e r  ( 3 * ) .  The co m b in ed  e t h e r  e x t r a c t s  w ere  
w ashed  (4 x )  and  d r i e d  (KgCO^) . An 8 8 :1 2  m ix tu r e  o f  
t r a n s  a n d  c l s -1 7  was o b s e r v e d  u p o n  vpc  a n a l y s i s  (5  f t . -  
c o l  120° )  m ak in g  up 99#  o f  t h e  p r o d u c t s  w i th  l e s s  t h a n  
1% o f  h i g h  b o i l i n g  p r o d u c t s .
A r e p e t i t i o n  o f  t h e  a b o v e  r e a c t i o n ,  b u t  w i th  
t h e  r e a c t i o n  now c o n d u c te d  i n  t h e  p r e s e n c e  o f  b ro m id e  
i o n s  ( t h e  r e a c t i o n  s o l u t i o n  b e in g  s a t u r a t e d  w i th  N a B r) , 
y i e l d e d  i n  a d d i t i o n  t o  t r a n s  an d  c i s -1 7  a  s i g n i f i c a n t  
am ount o f  16  i n  th e  r a t i o  o f  6 2 : 1 1 : 2 8 ,  r e s p e c t i v e l y .
T he s i l v e r  io n  a s s i s t e d  m e th a n o ly s is  o f  c i s - 2 , 3 -  
d ib ro m o c y c lo n o n e n e  ( 9 ) and  c is - l ,4 - d ib r o m o c y c lo n o n e n e  ( 1 0 ) . 
To a  s t i r r e d  s o l u t i o n  o f  0 .3 6  g  ( 1 .3  mmol) o f  £  and  10
(4 0 :6 0  m ix tu r e )  i n  25  m l o f  a n h y d ro u s  m e th a n o l ,  25  m l o f
a  m e th a n o l i c  s i l v e r  n i t r a t e  s o l u t i o n  ( 2 .0  mmol i n  25  ml 
MeOH) w as a d d ed  g r a d u a l ly .  R e a c t io n  was im m e d ia te .
A f t e r  10 m in  o f  s t i r r i n g  0 .1 2  g (1 0  mmol) o f  NagCO^ w as 
a d d ed  an d  t h e  s t i r r i n g  c o n t in u e d  f o r  an  a d d i t i o n a l  f i v e  
m in . T he r e a c t i o n  w as f i l t e r e d  and  c o n c e n t r a t e d .  The 
p r o d u c t  w as rem oved fro m  an  a q u e o u s  s o l u t i o n  o f  t h e  c o n ­
c e n t r a t e d  m e th a n o l ic  s o l u t i o n  b y  e x t r a c t i o n  w i th  p e n ta n e  
( 3 x ) . T he  com bined  p e n ta n e  s o l u t i o n  was w ashed  ( 3x) an d  
d r i e d  (M gSO ^). The c o n c e n t r a t e d  p e n ta n e  s o l u t i o n  w as 
v p c  a n a ly s e d  (V PC-5, 10  f t . - c o l  1 8 5 ° ,  i n j  2 3 3 ° , d e t  282 ° ,
H e - f lo w  r a t e  60 m l/m in ) . T he p r o d u c t  a p p e a re d
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r o u g h ly  i n  t h r e e  g ro u p s  e x c e p t  f o r  a  l o n e  u n i d e n t i f i e d  
p e a k  a t  1 .9  m in  m ak ing  up 7 . 5#  o f  t h e  t o t a l  p e a k  a r e a .
The f i r s t  g ro u p  o f  p e a k s  i s  m ade u p  o f  t h r e e  p e a k s  a t  
2 . 8 ,  3 .5  a n d  3 .9  m in , i n  t h e  r a t i o  o f  1 : 3 . 6 : 1 .8  m ak in g  
up  1 0 .5 #  o f  t h e  t o t a l  c o r r e s p o n d  t o  4 .  T h ree  m ore p e a k s  
i n  w h ic h  t h e  s e c o n d  and t h i r d  p e a k s  w e re  2 and  3. a p p e a re d  
i n  t h e  r a t i o  o f  6 : 1 7 :7 7  a c c o u n t in g  f o r  4 5 #  o f  t h e  t o t a l ,  
a t  6 . 2 ,  7 .3  and  8 .8  m in , r e s p e c t i v e l y .  The l a s t  tw o p e a k s  
a r e  2 and  3 . The f i n a l  two h ig h  b o i l i n g  p e a k s ,  m ak in g  
up 37#  o f  t h e  t o t a l  w ere  d iv id e d  i n  t h e  r a t i o  o f  7 1 :2 9  
and  a p p e a re d  a t  2 1 .4  and 31*0 m in  r e s p e c t i v e l y .  The u v  
a b s o rb a n c e  o f  t h e  r e a c t i o n  m ix tu r e  ( i n  95#  EtOH) was a t  
max 209  m u.
T he m e th a n o ly s i s  o f  c i s - 2 ,3 - d ib r o m o c y c lo n o n e n e
(9 )  and  c i s - l s4 -d ib ro m o c y c lo n o n e n e  ( 1 0 ) . A d i l u t e  s o l u ­
t i o n  o f  a  6 0 :4 0  m ix tu r e  o f  9 a n d  10  i n  a n h y d ro u s  m e th a n o l  
was r e f l u x e d  f o r  s i x  d a y s . A p o r t i o n  o f  th e  r e a c t i o n  
m ix tu r e  w as rem oved  a f t e r  t h r e e  d a y s  o f  r e a c t i o n .  The 
r e a c t i o n  m ix t u r e s  w e re  w orked  up  i n  t h e  same way a s  t h e  
s i l v e r  a s s i s t e d  m e th a n o ly s i s .  T he v pc  a n a l y s i s  (VPC- 6 ,
10 f t . - c o l  1 8 2 ° ,  i n j  2 0 5 ° , d e t  2 5 0 ° ,  H e -f lo w  r a t e  110 
m l/m in ) o f  a  c o n c e n t r a t e d  s o l u t i o n  o f  t h e  t h r e e - d a y  
r e a c t i o n  m ix tu r e  show ed t h a t  a  4 0 :6 0  m ix tu r e  o f  2  and  3 
w ere  p ro d u c e d  a lo n g  w i th  4  and a  l a r g e  am ount o f  t h e  
u n r e a c t e d  s t a r t i n g  m a t e r i a l  j) i 2 * r a t i o  o f  t h e
com bined  y i e l d  o f  brom o e t h e r s  t o  t h e  u n r e a c t e d  d ib r o m id e s ,
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o b ta in e d  b y  v p c  p e a k  a r e a s ,  was 0 . 5 2 .  The vpc a n a l y s i s  
(sam e c o n d i t i o n s  a s  above) o f  t h e  s i x - d a y  r e a c t i o n  m ix ­
t u r e  show ed t h e  p r e s e n c e  o f  an  unknow n p e a k  a t  1 .3  m in 
an d  a c c o u n te d  f o r  15$  o f  t h e  t o t a l  p e a k  a r e a .  T h re e  p e a k s  
a t  2 . 0 ,  2 .4  an d  2 .7  m in i n  t h e  r a t i o  1 :3 * 5 * 3 * 5  t o g e t h e r  
made up  7$  o f  t h e  t o t a l  p e a k  a r e a  a n d  r e p r e s e n te d  th e  
1 3a k s  o f  4 .  The b ro m o e th e r  p e a k s  2  a n d  a p p e a re d  a t  
5 .1  and  6 .1  m in ,  r e s p e c t i v e l y ,  a lo n g  w i th  an  u n i d e n t i ­
f i e d  p e a k  a t  4 .3  m in . The t h r e e  p e a k s  i n  th e  r a t i o  o f  
4 : 3 8 : 5 8 ,  r e s p e c t i v e l y ,  i n  t h e i r  c h r o n o l o g i c a l  o r d e r ,  
t o g e t h e r  m ade u p  78$  o f  th e  t o t a l .  T he r a t i o  o f  2 t o  
3 w as 4 0 :6 o  a n d  t h e  r a t i o  o f  t h e  b r o m o e th e r s  t o  u n r e a c t e d  
d ib ro m id e s  w as 1 .4 0 .
A tte m p te d  i s o m e r i z a t io n  o f  c is -2 -b ro m o -3 -m e th o x y -  
c y c lo n o n e n e  ( 2 ) an d  c is - l -b ro m o -4 -m e th o x y c y c lo n o n e n e  ( 3 ) 
u s i n g  i o d i n e . The p ro c e d u re  f o l lo w e d  was a d a p te d  from  
t h a t  d e s c r i b e d  b y  N oyes and c o w o r k e r s . D i l u t e  ( l e s s  
th a n  5$ )  s o l u t i o n s  o f  th e  com pounds t o  be  i s o m e r iz e d  an d  
i o d in e  i n  p e n ta n e  s e a l e d  i n  6 i n .  x  £ i n .  g l a s s  t u b in g  
w e re  i r r a d i a t e d  w i th  a  60 w a t t  i n c a n d e s c e n t  lamp a t  a b o u t  
a  d i s t a n c e  o f  8  i n .  f o r  v a r io u s  t im e  p e r i o d s .  The s o l u ­
t i o n s  w i th  i o d i n e  w e re  i r r a d i a t e d  a lo n g  w i th  s i m i l a r  
s o l u t i o n s  w i t h o u t  i o d i n e .  Vpc a n a l y s e s  a t  tim e  p e r i o d s  
o f  1  h r .  t o  7  d a y s  showed n o  c h a n g e  i n  r a t i o s  o f  m ix tu r e s  
and  p r o d u c t i o n  o f  new  p e a k s  when p u r e  sa m p le s  o f  2 and  
3 w e re  u s e d .
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M e th a n o ly s is  o f  t r a n s - 3 ,4 - d ib r o m o p e n te n e  ( 1 6 ) .
A d i l u t e  s o l u t i o n  o f  16 i n  a n h y d ro u s  m e th a n o l was 
a l lo w e d  t o  s i t  a t  room t e m p e r a t u r e  f o r  a  w eek , A vpc 
a n a l y s i s  o f  t h e  r e a c t i o n  m ix tu r e  show ed t h a t  16  h ad  
c o m p le te ly  d i s a p p e a r e d  and  t h e  o n ly  p r o d u c t  was t r a n s -
XL-
The r e d u c t io n  o f  c is -2 -b ro m o -3 -m e th o x y c y c lo n -  
o n e n e  ( 2 ) a n d  c is - l -b ro m o -4 -m e th o x y c y c lo n o n e n e  ( 3 ) w i th  
l i t h i u m . A bou t 1 ,3  g ( 0 .1 9  m o l)  o f  l i t h i u m  r ib b o n  (1 5  
cm i n  l e n g t h )  was c u t  up i n t o  l a r g e  3 cm p i e c e s ,  a f t e r  
t h e  p r o t e c t i v e  p e t r o la tu m  w as w ash ed  away w i th  e t h e r .
The 3 cm p i e c e s  w ere  s c r a t c h e d  a n d  s m a ll  n o tc h e s  and  
h o l e s  c u t  i n t o  them  b e f o r e  a d d in g  th em  to  t h e  r e a c t i o n  
s o l u t i o n  o f  1 ,9  g  ( 8 .0  mmol) o f  a  4 0 :6 0  m ix tu r e  o f  2 
and  3 i n  100  m l o f  p e n ta n e  i n  a  250  m l t h r e e - n e c k  f l a s k  
f i t t e d  w i t h  a  w a te r  c o o le d  c o n d e n s o r  c lo s e d  w i th  a d r y in g  
t u b e .  The s t i r r i n g  o f  th e  r e a c t i o n  m ix tu re  w as r e g u l a t e d  
s u c h  t h a t  t h e  l a r g e  p i e c e s  o f  l i t h i u m  m e ta l  ru b b e d  a g a i n s t  
e a c h  o t h e r .  A f t e r  40 h r  o f  r e a c t i o n  ( a t  room  t e m p e r a t u r e ) ,  
t h e  l i t h i u m  m e ta l  p i e c e s  w e re  w e l l  d i s s o lv e d  e x p o s in g  
t h e  s h in y  m e t a l .  The c lo u d y  r e a c t i o n  m ix tu re  w as r a p i d l y  
f i l t e r e d  i n  a  d ry b o x  th ro u g h  a  wad o f  g l a s s  w o o l. The 
c r u d e l y  f i l t e r e d  r e a c t i o n  m ix tu r e  w as h y d ro ly z e d  w i th  
10#  HgSO^ u n t i l  t h e  v ig o ro u s  r e a c t i o n  c e a se d  and th e  
s o l u t i o n  t u r n e d  c l e a r .  A bou t 100  m l o f  w a te r  w as a d d ed  
an d  t h e  p r o d u c t  e x t r a c t e d  i n t o  p e n ta n e  (3 x  50 m l) .  The
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co m b in ed  p e n ta n e  e x t r a c t  was w ashed  ( 3x ) w i th  w a te r  and  
d r i e d  (MgSO^) and  c o n c e n t r a t e d .  The v p c  a n a l y s i s  (VPC- 
8 ,  5 f t . - c o l  l 6o ° ,  i n j  190° ,  d e t  225° ,  H e -f lo w  r a t e  
80  m l/m in ) show ed t h a t  t h e  s t a r t i n g  m a t e r i a l s  2 and  _3 
c o m p le te ly  r e a c t e d  t o  g iv e  t h e  p r o d u c t s ,  i n c l u d i n g  1 , 2 -  
c y c lo n o n a d ie n e  ( 1 ) a t  4 .6  m in  w h ich  a c c o u n te d  f o r  21#  o f  
t h e  t o t a l  p r o d u c t .  The o t h e r  79#  o f  t h e  p r o d u c t  was 
m ade up  o f  c i s - 3 -m e th o x y c y c lo n o n e n e  ( 7 )  and  c i s - 4 -  
m e th o x y c y c lo n o n e n e  ( 8 ) i n  t h e  r a t i o  2 8 :5 1  a p p e a r in g  a t
9 .0  and  1 0 .5  m in , r e s p e c t i v e l y ,  The i r  o f  t h e  f r a c t i o n  
a t  4 . 6  m in  was i d e n t i c a l  t o  t h a t  o f  a n  a u t h e n t i c  sam p le  
o f  1 , 2 - c y c lo n o n a d ie n e  ( 1. ) .
The 9 .0  m in  v p c  f r a c t i o n  7 w as c o l l e c t e d  by  
p r e p a r a t i v e  v p c : i r  ( IR -1 1 )  3030 (= C H -), l 66o (C =C ),
1110  ( C - 0 ) ,  740 ( C=C ) ;  nmr (N M R ^C D C lg) 1 ^ 4 .5 0
(m , 2 ,  -HC=CH-),  5 .8 2  (m , 1 ,  -CH-OCH), 6 .7 2  ( s ,  3 ,  -0CH3 ) ,
7 . 6 - 8 . 2  (m, 2 ,  -CH2 -C = C ), 8 . 2 - 8 . 9  (m , 1 0 ,  -pK2 ) ^ - ) .
A n a l , c a l c d .  f o r  C10H1 gO :C , 7 7 .7 9 5  H , 1 1 .6 9 .
P o u n d : C, 7 7 .6 8 ;  H , 1 1 .7 6 .
The 1 0 .5  m in f r a c t i o n  8 was c o l l e c t e d  by  p r e ­
p a r a t i v e  v p c : i r  ( IR -1 2 )  3030 (= C H -), 1110 ( C - 0 ) ,  734
( C=C ) ;  nmr (NMR-8 ,  CDClg) 'T '4 -4 5  (m, 2 HC=CH-), 6 .6 9  
(m , 1 ,  -CH-0CH3 ) ,  6 .6 9  ( s ,  3» C-0CH3 ) ,  7 .3 5 - 8 .0 5  (m, 4 ,  
CH2 -C=CH2 ) ,  8 .0 5 - 8 .8 0  (m , 8 ,  - ( C H g ) ^ - ) .
A n a l , c a l c d .  f o r  c i o Hl 80 : 7 7 .7 9 5  H, 1 1 .6 9 .
P ound : C, 7 7 .2 4 ;  H , 1 1 .5 2 .
A s m a ll  q u a n t i t y  o f  v p c  c o l l e c t e d  2 was r e a c t e d
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w i t h  l i t h i u m  a n d  w orked  up a s  a b o v e . The vpc a n a l y s i s  
( 5  f t . - c o l  l 6 o ° ,  H e -flo w  r a t e  80  m l/m in )  o f  t h e  r e a c t i o n  
m ix tu r e  show ed t h a t  p r o d u c t  c o n s i s t e d  o f  1 a t  r e t e n t i o n  
t im e  4 . 5  m in an d  a  new p e a k  a t  r e t e n t i o n  t im e  3 . 7  m in .
S i m i l a r l y ,  a  q u a n t i t y  o f  2 was r e a c t e d  and th e  
r e s u l t s  upon  v p c  a n a l y s i s  u n d e r  t h e  sam e c o n d i t io n s  a s  
ab o v e  show ed t h a t  th e  o n ly  p r o d u c t  was 8 .
The r e a c t i o n  o f  1 ,2 - c y c lo n o n a d ie n e  (1 ) w i th  N- 
b ro m o s u c c ln im id e  i n  a c e t i c  a c i d . A 0 °  s o l u t i o n  o f  3 .0 3  g 
(2 5  mmol) o f  1 , 2 - c y c lo n o n a d ie n e  ( 1 ) a n d  4 ml o f  a c e t i c  
a n h y d r id e  i n  25  m l o f  g l a c i a l  a c e t i c  a c id  was m a g n e t i c a l l y  
s t i r r e d  u n d e r  d r y  n i t r o g e n .  To t h i s  s o l u t i o n ,  4 .4 2  g 
(2 5  mmol) o f  N -b ro m o su c c in im id e  (NBS) was a d d e d , i n  
s m a l l  a m o u n ts , th r o u g h  a pow der f u n n e l .  The r e a c t i o n  
w as im m e d ia te  and  e x o th e rm ic .  A f t e r  2 .5  h r s  o f  r e a c t i o n ,  
en o u g h  10#  NaHCO^ s o l u t i o n  was a d d e d  t o  n e u t r a l i z e  t h e  
a c i d  and  a b o u t  10  m l o f  e x c e s s  b i c a r b o n a t e  s o l u t i o n  w as 
a d d e d . The p r o d u c t  was e x t r a c t e d  w i th  p e tro le u m  e t h e r  
(3  x 30 m l ) .  The com bined  e t h e r  s o l u t i o n  was w ashed  
w i th  10#  NaHCO^ (2  x 50 m l) a n d  w a te r  (3  x 50 m l) and  
d r i e d  (MgSO^). The c o n c e n t r a t e d  r e a c t i o n  m ix tu re  was 
v p c  a n a ly z e d  (V P C -9, 10 f t . - c o l  l 6 o ° ,  i n j  1 9 0 ° , d e t  2 3 0 ° ,  
H e -f lo w  r a t e  140  m l/m in ) . The f i r s t  s e t  o f  p e a k s  w ere  
t h e  e l i m i n a t i o n  p e a k s  c o r r e s p o n d in g  t o  4 th e  f i r s t  and  
l a s t  o f  t h e  s e t  o f  f o u r  p e a k s  w e re  a t  1 .4  and 2 .2  m in  
r e s p e c t i v e l y ,  t o g e t h e r  m ak ing  u p  4 0 #  o f  th e  t o t a l  p r o ­
d u c t .  A n a ly s e s  o f  o t h e r  r e a c t i o n  p r o d u c ts  and  e x p an d e d
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ch ro m o to g ram s o f  t h e  above  r e a c t i o n  m ix tu r e  i n d i c a t e  
th e  p r e s e n c e  o f  is o m e rs  o r  o t h e r  com pounds a lo n g  w i th  
13 a n d  14  and  a l s o  t h e  p r e s e n c e  o f  an  a d d i t i o n a l  s e t  
o f  tw o p r o d u c t s  w h ich  a p p e a r  so o n  a f t e r  1 3 . T he r e t e n t i o n  
t im e s  o f  t h e  m in o r  p r o d u c ts  c r u d e l y  o v e r l a p  w i th  t h e  
r e t e n t i o n  t im e s  f o r  9 and  1 0 . H ow ever, r e a c t i o n  w i th  
m e th a h o l ic  AgNO^ does n o t  d e s t r o y  them  c o m p le te ly .
The o t h e r  60#  o f  th e  p r o d u c t  i s  made up  o f  c i s -2 -b ro m o - 
3 - a c e to x y c y c lo n o n e n e  ( 1 3 ) and  c i s - l - b r o m o - 4 - a c e t o x y c y -  
c lo n o n e n e  (1 4 )  i n  th e  r a t i o  o f  3 4 :6 6  a p p e a r in g  a t  9 
and  14  m in  r e s p e c t i v e l y .
The 1 .4 - 2 .2  m in f r a c t i o n  4 was c o l l e c t e d  by  
p r e p a r a t i v e  v p c : i r ( I R - 1 3 )  3050 (=CH ), 1 7 3 0 , 1630
( -C = C -) ;  m ass sp e c tru m  (MS-3* 20 eV) m / e ( r e l  i n t e n s i t y )  
2 0 2 ( 1 4 ) ,  2 0 0 ( 1 4 ) ,  1 2 1 ( 1 0 0 ) ,  9 3 ( 3 5 ) ,  7 9 ( 4 9 ) ,  6 7 ( 2 7 ) ,
5 5 ( 1 1 ) ,  4 3 ( 9 ) ,  2 8 ( 1 0 ) .
The 9 m in vpc f r a c t i o n  13 was c o l l e c t e d  by  
p r e p a r a t i v e  v p c : i r  ( IR -1 4 )  3030 (= C H -), 1740  ( -C 0 -0 - )
( l i t . '  i d e n t i c a l ) ;  m ass s p e c tru m  (M S-4, 20 eV) m / e ( r e l  
i n t e n s i t y )  2 6 2 ( 1 ) ,  26o ( l ) ,  l 8 l ( 8 6 ) ,  1 3 9 ( 100 ) ,  1 2 1 ( 4 4 ) ,  
9 3 ( 1 6 ) ,  7 9 ( 2 0 ) ,  4 3 ( 3 7 ) .
The 14 m in vpc  f r a c t i o n  14 was c o l l e c t e d  b y  
p r e p a r a t i v e  v p c : i r  ( IR -1 5 )  1740  (-C 0 - 0 - ) ;  m ass s p e c ­
tru m  (M S-5, 20 eV) m / e ( r e l  i n t e n s i t y )  2 6 2 ( 1 ) ,  2 6 0 ( 1 ) ,  
2 0 2 ( 2 6 ) ,  2 0 0 ( 2 6 ) ,  1 8 1 ( 3 1 ) ,  1 3 9 ( 1^ ) ,  1 2 1 ( 100 ) ,  9 3 ( 1 4 ) ,  
7 9 ( 1 5 ) ,  6 7 ( H ) ,  4 3 ( 9 8 ) .
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The r e a c t i o n  o f  1 ,2 - c y c lo n o n a d ie n e  (1 )  w ith  N-
b ro m o su c c in im id e  i n  a q u eo u s  a c e to n e . T o a  s t i r r e d  s o lu ­
t i o n  o f  20  m l o f  w a te r  an d  1 0 .0  g  (8 2  mmol) o f  1 , 2 -  
c y c lo n o n a d ie n e  ( l ) i n  100  m l o f  a c e to n e  15  g  (8 4  mmol) o f  
N -b ro m o su c c in im id e  was a d d ed  c a u t i o u s l y .  V ig o ro u s  r e a c ­
t i o n  fo l lo w e d  w i th  a c e to n e  r e f l u x i n g .  A f t e r  1 5  min o f  
s t i r r i n g ,  an  e x c e s s  o f  w a te r  w as a d d ed  a n d  th e  p r o d u c ts  
w ere  e x t r a c t e d  w i th  c y c lo h e x a n e  (3  x  50  m l ) .  The com­
b in e d  o r g a n ic  s o l u t i o n  was w ashed  (3  x  50  m l) and  d r i e d  
(MgSO^) an d  c o n c e n t r a t e d .  The v pc  a n a l y s i s  (V PC -lO a,
5 f t . - c o l  1 8 0 ° , i n j  2 2 0 ° ,  d e t  2 7 0 ° , H e - f lo w  r a t e  160 m l /  
m in) o f  t h e  r e a c t i o n  m ix tu r e  show ed t h a t  a p a r t  from  4 
and  some new p e a k s  i n  t h e  same a r e a  t h e  m a jo r  p r o d u c ts  
w ere  c i s - 2 -b ro m o -3 -h y d ro x y -c y c lo n o n e n e  ( 1 1 ) an d  c l s - 1 -  
b ro m o -4 -h y d ro x y e y c lo n o n e n e  ( 1 2 ) .  H o w ev e r, t h e  p e a k  
r e p r e s e n t i n g  11  was c l o s e l y  p r e c e d e d  b y  a  s e t  o f  two 
p e a k s  a p p e a r in g  i n  a  s te p w is e  m anner a n d  t h e y  c ru d e ly  
c o in c id e d  w i th  t h e  r e t e n t i o n  t im e s  f o r  9  an d  1 0 . 
T re a tm e n t  w i th  a q u eo u s  AgNO^ rem oved m o s t o f  t h e  two 
p e a k s .  The AgNO^ c r e a te d  p r o d u c t  (V PC -lO b) was made 
up  o f  11  and 12  a p p e a r in g  a t  8 .3  an d  1 2 .1  m in  i n  th e  
r a t i o  o f  5 0 :5 0  w i th  a  s m a l l  am ount o f  t h e  ab o v e  men­
t i o n e d  im p u r i ty  a t  5 -7  m in . The nm r s p e c t r a  a r e  i n
a g re e m e n t w i th  t h o s e  r e p o r t e d  f o r  11  a n d  12  i n  th e
II
l i t e r a t u r e .
The 8 .3  m in  vpc f r a c t i o n  11 w as c o l l e c t e d  by  
p r e p a r a t i v e  v p c : nm r (NMR-9, CCl^) T  3 .8 8  ( t ,  1 ,  J  =
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9 H z , -C H =C B r-),  5 -3 8  ( t ,  1 ,  J  = 7 H z, -CH-OH) 7 .5 - 8 .0  
(m, 3 ,  -CH2 -C = , - 0 H ( 7 .8 8 ) ) ,  8 . 0 - 9 . 0  (m , 1 0 ,- (C H 2 ) 5- ) .
The 1 2 .1  m in  v p c  f r a c t i o n  12 w as c o l l e c t e d  b y  
p r e p a r a t i v e  v p c : nm r (NMR-10, C C l^) T  4 .0 7  ( t ,  1 ,  J  =
9 , -CH=CBr),  6 . 0 - 6 . 5  (m , 1 ,  -CH-OH), 7 .0  ( s ,  1 , C-OH), 
7 .1 5 - 7 .5  (m , 2 ,  =CBr-CH2 - )  7 .6 5  (d d ,  2 ,  J  = 5 , 9 Hz, HOC- 
ch2 ch= ) .
S i l v e r  io n  a s s i s t e d  h y d r o l y s i s  o f  c i s - 2 , 3 -  
d lb ro m o c y c lo n o n e n e  (9 ) and  c l s - l ,4 - d ib r o m o c y c lo n o n e n e
( 1 0 ) . A d i l u t e  s o l u t i o n  o f  ( 2 .2 9 ,  8 mmol) 4 0 :6 0  m ix ­
t u r e  o f  9 and  10  i n  20  ml o f  a  9 0 :1 0  a c e to n e - w a te r  
s o l v e n t  was m a g n e t i c a l l y  s t i r r e d  w i th  a  s lo w  a d d i t i o n  
o f  an  e x c e s s  o f  an  a q u eo u s  AgNO^ s o l u t i o n  ( s a t u r a t e d )  
u n t i l  p r e c i p i t a t i o n  s to p p e d .  A d d i t i o n a l  w a te r  was 
ad d ed  and  th e  p r o d u c t  e x t r a c t e d  w i th  c y c lo h e x a n e  (3  x  
20 m l ) . The com bined  c y c lo h e x a n e  m ix tu r e  was w ashed 
(3  x 30 m l) j  an d  d r i e d  (MgSO^). The v p c  a n a l y s i s  
(5  f t . - c o l  l 6o ° )  show ed t h a t  15#  o f  t h e  p r o d u c t  was 4 
and  85#  o f  t h e  p r o d u c t  was 11 and  12  i n  t h e  r a t i o  o f  
3 5 :6 5 .
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VPC-1
T he p r o d u c t s  o f  t h e  B ro m in a t io n  o f  1 ,2 - c lo n o n a d ie n e  i n  CCl^
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APPENDIX C 
NUCLEAR MAGNETIC RESONANCE SPECTRA
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